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Preface 



The Textbook of Endodontology is intended to serve the 
educational needs of dental students, as well as of dental 
practitioners seeking updates on endodontic theories 
and techniques. The primary aim has been to provide an 
understanding of the biological processes involved in 
pulpal and periapical pathologies and how that knowl- 
edge impinges on clinical management, and to present 
that information in an easily accessible form. Therefore, 
we have supplemented the core text with numerous fig- 
ures and photographs, as well as with boxes highlighting 
key facts, important clinical procedures and key research. 
Case studies are given at the end of some chapters in 
order to further illustrate topics described in the text. In 
these various ways, the book provides information both 
at a foundation level, and at a more detailed level for the 
graduating student and practitioner. 

The key information boxes are color coded as an easy- 
to-use navigational aid for readers. Core concepts are 
colored pink, while advanced concepts are purple. 
Clinical procedures are coded green and key literature 
boxes are blue. 

Although not designed to provide a comprehensive 
review of the literature, this book is also intended to 



stimulate the reader to delve into the research that forms 
our current knowledge base in endodontology. To aid 
the reader, a selective reference list is provided and 
comments have been added to especially weighty or use- 
ful references. Important and interesting investigations 
are presented in the core and advanced concept boxes, 
and we hope that these features will encourage the 
student to carry on with his or her own exploration of 
the subject area. 

This is the second edition of the book, which features 
three new chapters reflecting the use of the surgical 
microscope, diagnosis and management of endodontic 
complications subsequent to dental trauma, and endo- 
dontic epidemiology. The dedicated support of our co- 
authors - 23 highly respected clinicians and scientists 
- who, in addition to the editors, have contributed to this 
book, is greatly appreciated. We thank them all sincerely 
for their time, effort and endurance during the editing 
process. 

Gunnar Bergenholtz 

Preben Hersted-Bindslev 

Claes Reit 
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Chapter 1 

Introduction to endodontology 

Claes Reit, Gunnar Bergenholtz and Preben Horsted-Bindslev 



Endodontology 

The word "endodontology" is derived from the Greek 
language and can be translated as "the knowledge of 
what is inside the tooth". Thus, endodontology concerns 
structures and processes within the pulp chamber. But 
what about "knowledge"? What does it actually mean to 
"know" things? Most people would probably say that 
knowledge has something to do with truth and provid- 
ing reasons for things. It is often believed that dental and 
medical knowledge is simply scientific knowledge - 
science is based on research and deals with how things 
are constructed and work. But as practicing dentists we 
also need other types of knowledge. Although it is 
important to know about tooth anatomy and how to 
produce good root canal preparations for example, we 
must also develop good judgment and ability to make 
the "right" clinical decisions. There are at least three dif- 
ferent forms of knowledge that the dental practitioner 
requires and, in a tradition that goes all the way back to 
Aristotle, we will refer to the Greek terms for these forms: 
episteme, techne and phronesis (1). 

Episteme 

Episteme is the word for theoretical-scientific knowledge. 
The opposite is doxa, which refers to "belief" or "opin- 
ion". There is a massive body of epistemic knowledge 
within endodontology, for example on the biology of the 
pulp, the microorganisms that inhabit root canals, the 
procedures and materials used in the clinical practice 
of endodontology (endodontics) and the outcome of 
endodontic therapies. Science produces "facts". It must 
be understood that modern science is an industry and is 
affected by many factors, both internal and external. 
Although this is not the place to discuss the philosophy 
of science, the concept of "truth" and the growth of sci- 
entific knowledge is not unproblematic. There has been 
substantial contemporary philosophical discussion 
reflecting on epistemic knowledge, and the interested 
reader is referred to one of the many good introductory 
texts that are available (3). 



The results of science are presented in lectures, articles 
and textbooks. So from a student's point of view the 
learning situation is rather straightforward, provided 
that the subject is structured well and ample time given 
for reading and reflection. This book, in large part, is 
composed of epistemic knowledge. 

Techne 

The first person to challenge the deeply intrenched theo- 
retical concept of knowledge was the British philosopher 
Gilbert Ryle. In his book The Concept of Mind (10) he 
introduces "knowing-how" and distinguishes it from 
"knowing- that". "Knowing-how" is practical in nature 
and concerns skills and the performance of certain 
actions. This concept of knowledge implies the ability 
not only to do things, but also to understand what you 
are doing. To say that you have practical knowledge, it is 
not enough to produce things out of mere routine or 
habit. You have to "know" what you are doing and be 
able to argue about it. Practice must be combined with 
reflection. The idea that there is a tacit or silent dimen- 
sion of knowledge has had a great impact on the contem- 
porary discussion. Michael Polanyi, for example, said 
that "We know more than we can tell" (9). When trying 
to explain how we master practical things such as riding 
a bicycle or recognizing a face, it is not possible to articu- 
late verbally all the knowledge that we have. Certain 
important aspects are "tacit". Likewise, it is not sufficient 
to teach students about root canal preparation simply by 
asking them to read a book or presenting the subject 
matter in a lecture. It has to be demonstrated. Knowledge 
is very often transmitted by the act of doing. 

A substantial body of endodontic knowledge must be 
characterized as techne. It is not possible to learn all about 
the procedures in endodontology by studying a text- 
book. Observing a good clinical instructor, watching 
other dentists at work, performing the procedures one- 
self and reflecting on what has been learned are all 
important. 

1 
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Phronesis 

According to Aristotle, phronesis is the ability to think 
about practical matters. This can be translated as "practi- 
cal wisdom" (5) and is concerned with why we might 
decide to act in one way rather than in another. When 
thinking about the "right" action or making the "right" 
decision we enter the territory of moral philosophy. The 
person who has practical wisdom has good moral judg- 
ment. Modern ethical thinking has been influenced 
significantly by ideas that originated during the enlight- 
enment. Morality is concerned with human actions and 
there are certain principles that can separate "right" from 
"wrong" decisions. Jeremy Bentham (2) and the utilitari- 
ans launched the utility principle and Immanuel Kant (6) 
invented the categorical imperative, each creating a tra- 
dition with great impact on today's medical ethics and 
decision making. 

Aristotle, on the other hand, believed that there are no 
explicit principles to guide us. He understood practical 
wisdom as a combination of understanding and experi- 
ence and the ability to read individual situations correct- 
ly. He thought that phronesis could be learnt from one's 
own experience and by imitating others who had already 
mastered the task. He stressed the cultivation of certain 
character traits and the habit of acting wisely. 

The clinical situation demands that the dentist exercises 
practical wisdom, "to do the right thing at the right moment" '. 
In order to develop phronesis, theoretical studies of moral 
theory and decision-making principles might be helpful. 
Neoaristotelians such as Martha Nussbaum (8) have sug- 
gested that reading literature should be part of any aca- 
demic curriculum, the idea being that it increases our 
knowledge and understanding of other people. However, 
the essence of phronesis has to be learnt from practice. 



Concepts of endodontology 

From the above it can be concluded that endodontology 
encompasses not only theoretical thinking but also the 
practical skills of a craftsperson and the practical thinking 
needed for clinical and moral judgment. Unfortunately, 
through the years, undue prestige has been given to 
theoretical-scientific thinking and this has hindered the 
development of a rational discussion of the other types 
of knowledge. The serious student of endodontology 
has to investigate all three aspects, but, as argued above, 
there are limits to what can be communicated within the 
covers of a textbook. 



The dawn of modern endodontology 

It all started with a speech at the McGill University in 
Montreal. In the morning of October 3, 1910, Dr William 



Hunter gave a talk entitled "The role of sepsis and anti- 
sepsis in medicine". Hunter said that: 

"In my clinical experience septic infection is without 
exception the most prevalent infection operating in 
medicine, and a most important and prevalent cause 
and complication of many medical diseases. Its ill- 
effects are widespread and extend to all systems of 
the body. The relation between these effects and the 
sepsis that causes them is constantly overlooked, 
because the existence of the sepsis is itself overlooked. 
For the chief seat of that sepsis is the mouth; and the 
sepsis itself, when noted, is erroneously regarded as 
the result of various conditions of ill-health with 
which it is associated - not, as it really is, an important 
cause or complication. 

"Gold fillings, gold caps, gold bridges, gold crowns, 
fixed dentures, built in, on, and around diseased 
teeth, form a veritable mausoleum of gold over a 
mass of sepsis to which there is no parallel in the 
whole realm of medicine or surgery. The whole con- 
stitutes a perfect gold trap of sepsis." 

The cited text was published in the Lancet in 1911. But 
Hunter's words rapidly spread and were intensively dis- 
cussed among laymen and given banner headlines in the 
newspapers. Essentially, Hunter proposed that micro- 
organisms from a dental focus of infection can spread to 
other body compartments and cause serious systemic 
disease. The fear that illnesses and even those of chronic 
or of unknown origin were caused by oral infections, 
brought thousands of people to the waiting rooms of 
dentists with demands to have their teeth removed. As a 
result of the focal infection theory teeth were extracted 
in enormous numbers. 

Although not directly stated by Hunter, teeth with 
necrotic pulps were seen as one of the main causes of 
"focal infection". Laboratory studies had disclosed the 
presence of bacteria in the dead pulp tissue. In the 1920s, 
dental radiography came into general use and radio- 
lucent patches around the apices of teeth with necrotic 
pulps indicating an inflammatory bone lesion were pos- 
sible to detect. If such teeth were extracted and cultured, 
microorganisms were often recovered from the attached 
soft tissue. It became virtually incontestable that pulpally 
diseased teeth should be removed. 

Reflecting on this period in the history of dentistry, 
Grossman (4) wrote: "The focal infection theory promul- 
gated by William Hunter in 1910 gave dentistry in gener- 
al, and root canal treatment in particular, a black eye 
from which it didn't recover for about 30 years." However, 
in hindsight, this period can also be regarded as the 
dawn of modern endodontology. Researchers started to 
question and oppose the clinical consequences of the 
focal infection theory. Microbiologists began mapping 
out the microflora of infected root canals. Pathologists 
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investigated the reaction patterns of the pulp and peri- 
apical tissues and came to understand the protective 
power of the host defense mechanisms. Clinicians 
invented aseptic methods to treat the root canal, and 
radiography made it possible to confine the procedures 
to within the root canal space. It was further demon- 
strated that root canal infections could be combated suc- 
cessfully and it became obvious that root canal infections 
were not such a serious threat to the human organism as 
once believed. Pulpally compromised teeth could there- 
fore be spared and endodontic treatment became a 
necessary skill of the modern dentist. 



disease condition itself, and the tooth and parts of the 
surrounding bone were often lost in the process. 

While relief of pain is still a primary goal of endodontic 
treatment, patients also may want to exclude the com- 
promised tooth, as both a general and local health hazard. 
This means that intra- as well as extraradicular infections 
should be eradicated and that materials implanted in the 
root canal should be innocuous and not cause adverse 
tissue reactions or systemic complications. Using modern 
endodontic treatment procedures, these treatment objec- 
tives can be attained in the large majority of cases. 



The objective of endodontic treatment 

The consequences of inflammatory lesions in the pulp 
and periapical tissue (Fig. 1.1) have tormented human- 
kind for thousands of years. Historically, therefore, the 
main task of endodontic treatment has been to cure 
toothache due to inflammatory lesions in the pulp 
(pulpitis) and the periapical tissue (apical periodontitis). 
For a long period of time a commonly used method to 
remedy painful pulps was to cauterize the tissue with a 
red-hot wire or with chemicals such as acid. In 1836, 
arsenic was introduced to devitalize the pulp, a method 
that would be used for well over 100 years. Procedures to 
remove the pulp without toxic chemicals were intro- 
duced in the early part of the 19th century and small, 
hooked instruments were used. The advent of local anes- 
thesia at the beginning of the 20th century made pulpec- 
tomy a painless procedure. 

Signs of root canal infection, such as abscesses with 
fistulae, were also dealt with historically using highly 
toxic chemicals. These substances were introduced to the 
root canal, and forced through the foramen into the fis- 
tula. Often the treatment was more damaging than the 



Clinical problems and solutions 

The vital pulp 

Under normal, physiological conditions the pulp is well 
protected from injury and injurious elements in the oral 
cavity by the outer hard tissue encasement of the tooth 
and an intact periodontium (Fig. 1.2). When the integrity 
of these tissue barriers is breached for any reason, micro- 
organisms and the substances they produce may gain 
access to the pulp and adversely affect its healthy condi- 
tion. The most common microbial challenge of the pulp 
derives from caries. Even in its early stages substances 
from caries-causing bacteria may enter the pulp along 
the exposed dentinal tubules. Like any connective tissue, 
the pulp responds to this with inflammation. Inflam- 
mation has an important aim to neutralize and eliminate 
the noxious agents. It also organizes subsequent repair of 
the damaged tissue. Thus, the pulp may react in a man- 
ner that allows it to sustain the irritation and remain in a 
functional state. Yet, when caries has extended to the 
vicinity of the pulp, the response may take a destructive 
course and result in severe pain and death (necrosis) of 
the tissue. 




Fig. 1.1 A medieval skull found in Denmark showing teeth with serious attri- 
tion. In the first left molar the pulp chamber is exposed and the alveolar bone 
is resorbed around the root apices, indicating a once-present periapical inflam- 
mation due to necrosis of the pulp followed by root canal infection. 



Areas of important 
knowledge 



Dentin reactions 



Pulpal inflammation 



Pain mechanisms 




Endodontic treatment 
concepts 



Pulp capping 



Pulpectomy 



Fig. 1 .2 The scope of endodontology: the vital pulp. 
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An inflamed or injured pulp may have to be removed 
and replaced with a root filling - a procedure termed 
pulpectomy. This measure is undertaken especially in 
cases when the condition of the pulp is such that an 
inflammatory breakdown is deemed imminent. A mani- 
fest infection may otherwise develop in the root canal 
system. 

A pulpectomy procedure is carried out under local 
anesthesia and with the use of specially designed root 
canal instruments. These instruments remove the dis- 
eased pulp and prepare the canal system so that it can be 
filled properly. The purpose of the filling is to prevent 
microbial growth and multiplication in the pulpal cham- 
ber. Thus, pulpectomy is a measure primarily aimed at 
preventing the development of a manifest root canal 
infection and painful sequelae. 

Pulpectomy may also be carried out any time a pulp is 
directly exposed to the oral environment. This may occur 
after clinical excavation of caries or after a traumatic 
insult or iatrogenic injury. If the exposure is fresh and 
the pulp judged not to be seriously inflamed it may not 
have to be removed. If the open wound is treated with a 
proper dressing and protected from the oral environ- 
ment by pulp capping, healing and repair of the wound 



are possible. For common terminologies used to specify 
the endodontic disease conditions and their treatments, 
see Core concept 1.1. 

The necrotic pulp 

As mentioned above, injury to the pulp may lead to 
necrosis of the tissue (Fig. 1.3). The necrotic pulp is 
defenseless against microbial invasion and will allow 
microorganisms indigenous to the oral cavity to reach 
the pulp chamber, either along an open direct exposure 
or through uncovered dentinal tubules or cracks in the 
enamel and dentin. Lateral canals exposed as a result of 
progressive marginal periodontitis may also serve as 
pathways for bacteria to reach the pulp. The specific 
environment in the root canal, characterized by the 
degrading pulp tissue and lack of oxygen, will favor a 
microbiota dominated by proteolytic, anaerobic bacteria. 
These microorganisms may organize themselves in clus- 
ters and in microbial communities attached to the root 
canal walls as well as inside the dentinal tubules of the 
root. In these positions microorganisms stay protected 
from host defense mechanisms and can therefore multi- 
ply rapidly to large numbers. Microorganisms attempt to 



Core concept 1.1 



Common terms and expressions used for endodontic disease conditions and treatment 
procedures 



Pulpitis 

Pulp necrosis 
Apical periodontitis 



Pulp capping 
Partial pulpotomy 

Pulpotomy 



Pulpectomy 

Root canal treatment 
(RCT) 

Non-surgical retreatment 



Surgical retreatment 



Inflammation of the dental pulp. Symptomatic and asymptomatic pulpitis, as well as irreversible and reversible pulpitis, 
are commonly used terms to specify lesions with and without painful symptoms. The terms total and partial pulpitis are 
also in use. 

Pulp death. Pulp chamber is devoid of a functional pulp tissue. Necrosis can be more or less complete, i.e. partial or 
total. 

Inflammatory reaction of the tissues surrounding the root apex of a tooth. Symptomatic/asymptomatic apical periodontitis 
and acute/chronic apical periodontitis, respectively, are applied to indicate lesions with and without overt clinical symp- 
toms such as pain, swelling and tenderness. Dental or apical granuloma is a histological term for an established lesion. 
>Ap/ca/, periapical and periradicular are interchangeable terms to state the location of the process at or near the 
root tip. 

Treatment procedure aimed at preserving a dental pulp that has been exposed to the oral environment. 

Treatment procedure by which the most (often inflamed) superficial portion (1-2 mm) of the coronal pulp is surgically 
removed with the aim of preserving the remaining tissue. 

Treatment procedure by which the entire coronal pulp tissue is surgically removed with the aim of preserving the remain- 
ing tissue. The term pulpotomy is also used to describe a pain-relieving procedure in an emergency treatment of symp- 
tomatic pulpitis. 

Treatment procedure by which pulp tissue (often inflamed) is surgically removed and replaced with a root filling. 

Treatment of teeth with necrotic pulps where root canals are often infected. 

Treatment of root filled teeth with clinical and/or radiographic signs of root canal infection, where root fillings are 
removed, canals disinfected and refilled. May also be carried out to improve the technical quality of previous root 
fillings. 

Treatment procedure by which the root apex of a tooth is surgically accessed to manage a root canal infection that has 
not been successfully treated by RCT. Retrograde endodontics or surgical endodontics are other terms for this 
procedure. 
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Fig. 1 .3 The scope of endodontology: the necrotic pulp. 



Fig. 1 .4 The scope of endodontology: the root filled tooth. 



invade the periodontal tissues via the apical foramen or 
any other portal of exit from the root canal, and may do 
so before the host defense has been effectively organized. 
Once established, however, organisms will normally be 
held back but not eliminated from the root canal space. A 
chronic inflammatory lesion will ensue, normally around 
the root tip, and remain for as long as no treatment is 
initiated. 

The periapical tissue reaction is often visible in a radio- 
graph as a localized radiolucency because the adjacent 
bone has been resorbed in the course of the inflammatory 
process. The condition may or may not be associated 
with pain, tooth tenderness and various degrees of 
swelling. 

Treatment of the necrotic pulp is by root canal treatment 
(RCT) and is aimed to combat the intracanal infection. 
The canal is cleaned with files in order to remove 
microbes as well as their growth substrate. Owing to the 
complex anatomy of the root, instruments cannot reach 
all parts of the canal system and therefore antimicrobial 
substances are added to disinfect the canal. In order to 
avoid reinfection and to prevent surviving microbes 
from growing, the canal is then sealed with a root 
filling. 

The root filled tooth 

Pulpectomy and RCT do not always lead to a successful 
clinical outcome. For example, a tooth may continue to 
be tender or periapical inflammation may persist. Such 
treatment "failures" are often associated with defective 
root fillings, which allow organisms from the initial 
microbiota to survive in the root canal or new bacteria to 
enter via leakage along the margins of the coronal resto- 
ration (Fig. 1.4). 



The root canal in such cases may be retreated using 
either a non-surgical or a surgical approach. In non-surgi- 
cal retreatment the root filling is removed and the canal is 
reinstrumented. Antimicrobial substances are applied to 
kill the microbes and the space is refilled. Crowns, bridges 
and posts may mean that it is sometimes not feasible to 
reach the root canal in a conventional way. In such cases, 
a surgical retreatment maybe attempted. A mucoperiosteal 
flap is then raised and entrance to the apical part of 
the root made through the bone. Surgical retreatment 
often involves cutting of the root tip, instrumentation of 
the apical root portion and placement of a filling at the 
apical end. 



The diagnostic dilemma 

The disease processes in the pulp and periapical tissues 
take place in a concealed body compartment that nor- 
mally is not available for direct inspection. Instead, the 
clinician has to rely on indirect information to assess the 
condition of the tissue and reach a diagnosis. The reli- 
ance on indirect signs and symptoms entails the risk of 
making false-positive and false-negative diagnoses. For 
example, the patient's report of pain has been found to 
be an inaccurate sign because there is no exact relation- 
ship between the amount of tissue damage and level of 
pain encountered. Furthermore most inflammatory 
episodes within the pulp or periapical bone pass by 
without symptoms. Another factor is that the discrimina- 
tory ability of the intrapulpal nerves is not perfect, which 
means that if a patient has toothache due to pulpitis 
there is a high risk that he or she may "point out the 
wrong tooth" . Nevertheless a patient's experience of 
pain and especially its character serve as important 
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indicators of an endodontic disease condition. Along 
with pulp vitality testing and radiographic examination, 
the disease history is a prime source of diagnostic data. 
Yet, to avoid erroneous diagnoses all data have to be 
interpreted with utmost care and with in-depth knowl- 
edge of possible errors and the factors that influence 
diagnostic accuracy. 



The tools of treatment 

To many dentists, RCT can best be described by using 
Winston Churchill's words on golf: "An impossible game 
with impossible tools". The complexity of root canal 
anatomy, the relative stiffness of root canal instruments, 
being unable, often, to visualize the area properly, and 
the lack of space in the mouth provide substantial chal- 
lenges to the skill and patience of the dentist. Intracanal 
work is exceptionally demanding; this is clearly demon- 
strated by numerous radiographically based epidemio- 
logical surveys, which repeatedly report that many root 
fillings do not meet acceptable technical standards. 
Because clinical outcome is strongly related to the quality 
of treatment, the high frequency of substandard perfor- 
mances is a subject of great concern to the profession. 

The last 10-15 years have seen a tremendous techno- 
logical development that facilitates endodontic treatment 
and enhances the potential to increase its overall 
standard (7). For example, the advent of super-flexible 
nickel-titanium alloy has made it possible to fabricate 
instruments that are highly flexible and can follow the 
anatomy of the root canal and therefore produce good 
quality canal preparations. Furthermore, systems have 
been developed that allow the instruments to be maneu- 
vered by machine rather than by hand, improving fine- 
scale manipulation and decreasing operator fatigue. 

The surgical microscope has brought light and vision 
into the pulp chamber. Working under high magnifica- 
tion, it is now far easier to remove mineralizations, locate 
small root canal orifices and control intracanal proce- 
dures than with the naked eye or with loupes. However, 
high-quality microscopes are expensive and, thus far, the 
technology has found limited adoption by dentists other 
than those specialized in endodontics. 

In the midst of this technological boom it must not be 
forgotten that endodontics is primarily about controlling 
infection. While the intracanal work is aimed to eliminate 
infectious elements and give space for the subsequent 
root filling, this effort would be futile if measures were 
not undertaken to prevent oral contaminants from enter- 
ing the root canal space during the procedure. Luckily, 
there are few medical treatments that can be carried out 
as aseptically as endodontic therapy. Shielding the 
tooth with a rubber dam is the oldest and still the most 
effective way to ensure that the operation field remains 




Fig. 1.5 Rubber dam isolated tooth, which is in the process of being 
disinfected. 



sterile (Fig. 1.5). This measure also facilitates the proce- 
dure and is critically important to the clinical success of 
endodontic therapy. 

Extraction and dental implant? 

Extraction and placement of dental implants to replace 
endodontically compromised teeth has gained populari- 
ty in recent years. Such a measure can certainly be a 
valuable option in cases of severely damaged teeth that 
either have a hopeless prognosis or cannot be provided 
with a proper restoration. Yet, dental implants must not 
be overused or misused because an endodontic treat- 
ment, for example, may appear complicated. Clearly 
endodontic therapy represents a very realistic opportu- 
nity to restore most teeth with diseased pulps to a healthy 
state. Indeed endodontic therapy has reached a level of 
sophistication today that dentists, with proper knowl- 
edge and training, can carry out the procedures with a 
high rate of success. Epidemiological data have further- 
more shown that endodontically treated teeth maintain 
a functional place in the oral cavity for long periods of 
time (11). 
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Chapter 2 

The dentin-pulp complex: structures, 
functions and responses to adverse 
influences 

Leif Olgart and Gunnar Bergenholtz 



Introduction 

The extent to which the dental pulp will sustain impair- 
ment in the clinical setting depends on its potential to 
oppose bacterial challenges and withstand injury by 
various forms of trauma. To understand the biological 
events that operate and most often prevent the pulp 
from suffering a permanent breakdown, the specific 
biological functions of both dentin and pulp under 
pathophysiological conditions will be addressed in this 
chapter. These two tissue components of the tooth form 
a functional unit that often is referred to as the dentin-pulp 
complex (Fig. 2.1). 



Constituents and normal functions of the 
dentin-pulp complex 

Dentin and dentinal tubules 

Dentin provides elasticity and strength to the tooth that 
enable it to withstand loading forces by mastication and 
trauma. Dentin also elicits important defense functions 
aimed at preserving the integrity of the pulp tissue. 



Dentin 




The dentin-pulp complex 



Cementum 



Fig. 2.1 The soft tissue of the pulp is surrounded by dentin and enamel or 
cementum. Inset depicts the interface zone between dentin and pulp. 



Under normal, healthy conditions, when dentin is 
covered by enamel and cementum, fluid in the dentinal 
tubules can contract or expand to impinge on the cells in 
the pulp in response to thermal stimuli applied on the 
tooth surface. Hence, dentin of the intact tooth can trans- 
form external stimuli into an appropriate message to 
cells and nerves in the pulp - a feature that is useful clini- 
cally to test its vital functions (see Chapter 14). A sensory 
transducer function triggered by elastic deformation is 
also in effect to detect overload resulting in reflex with- 
drawal and sharp transient pain. 

When enamel and cementum are damaged for any 
reason, the exposed dentinal tubules serve as pathways 
to the pulp for entry of potentially noxious elements in 
the oral environment including bacterial macromole- 
cules, which may provoke inflammation (4). The deeper 
the injury the more tubules become involved (Fig. 2.2). 
In the periphery there are about 20 000 tubules per square 
millimeter, each having a diameter of 0.5 urn. At the 
pulpal ends the tubular apertures occupy a greater 
surface area because the tubules converge centrally 
and become wider (2.5-3 urn) (20). Thus, at the inner 
surface of dentin there are more than 50000 tubules 
per square millimeter. In root dentin, especially towards 
the apex, the tubules become more widely spaced. Also, 
in the pulpal portion of root dentin they are thinner 
and have a smaller diameter (ca. 1.5 urn). There are 
extensive branches between the tubules that allow 
intercommunication. 

Movement of particulate matter and macromolecules 
by way of the dentinal tubules may occur not only from 
the external environment to the pulp but also in the 
opposite direction. Hence, following injury which has 
resulted in disruption of the tight junctions that normally 
hold the odontoblasts together (71), fluid in the pulp 
may enter the tubules and bring plasma proteins with 
antimicrobial properties (41). 

The potential for elements to permeate the dentinal 
tubules is normally greatly restricted by a variety of 
tissue structures, including collagen fibers and cellular 
processes. The odontoblasts normally extend cytoplasmic 
processes into the tubules. Controversy exists, however, 
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Fig. 2.2 Density of dentinal tubules in various portions of the crown region 
in teeth. It has been estimated that the surface area taken by cross cut tubules 
is ca. 2-3% in the periphery. Near the pulp the dentinal tubules assume 
ca. 25% of the surface area (61). 

as to how far. While some believe that these processes 
extend all the way to the enamel or cementum junctions 
others contend that only the innermost part (0.5-1 mm) 
of dentin is filled (15). A large number of the tubules also 
contain nerve terminals. Furthermore, cells belonging 
to the immunosurveillance system of the pulp extend 
dendrites into the tubules of the predentin layer (52). 
Consequently, the space available in the tubules for the 
transport of particulate matter and macromolecules is 
normally much smaller than the tubular space per se (61) 
(Fig. 2.3). This is especially true at their pulpal ends. 



The odontoblast - a multifunctional cell 

The most recognized function of the odontoblasts is 
to form and maintain dentin. Like many other tissue- 
supporting cells, odontoblasts also contribute to host 
defense. By lining the periphery of the pulp with cellular 
extensions into dentin they are, thus, in the unique 
position of being the first cell to encounter and react to 
noxious elements entering dentin from the oral environ- 
ment (Fig. 2.4). Upon challenge the odontoblasts gener- 
ate and release a multitude of molecules that can help to 
defeat invading microorganisms. The response also gives 
rise to activation of specific receptors present on adjacent 
cells, vessels, nerves and on the odontoblast itself 
(Advanced concept 2.1). Thus, the odontoblasts, together 
with local resident defense cells and blood-borne invad- 
ing cells, have a broad repertoire of response patterns 
and play important roles in activating both innate and 
adaptive immune responses of the pulp (for reviews see 
Refs 23, 24) (Fig. 2.5). 



Dentin formation 

The original odontoblasts, here also termed primary 
odontoblasts, produce dentin both during tooth devel- 
opment and after completion of root formation. The fact 
that intratubular cellular processes stay behind makes 
dentin tubular in nature. Owing to the continued func- 
tion of the odontoblasts, the pulpal space gradually 
narrows over time and in old individuals it may become 
so small that endodontic treatment is difficult. 

The odontoblasts may also produce new dentin at an 
increased rate in response to mild stimuli: e.g. during 
initial precavitated stages of enamel caries (10); by slowly 
progressing caries in general (9); or following a shallow 
preparation for restorative purposes. This type of new 
dentin has been termed reactionary dentin (67) (see also 
Core concept 2.1). 



Dentin 



Predentin 



Pulp 
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Fig. 2.3 Cellular extensions of odontoblasts, nerves 
and cells of the immune system (dendritic cells) occupy 
Dendritic cell tne pu | pa | enc | s f t h e dentinal tubules. 
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Advanced concept 2.1 



Role of odontoblasts in 
pulpal immunity 



Odontoblasts are supplied with a multitude of receptors, which 
enable them to sense and respond to microbial elements and thereby 
alert the immune system. Thus, several members of the Toll receptor 
family have been identified on odontoblasts (19, 23). Upon activation 
of such receptors production of proinflammatory cytokines and 
chemokines is initiated; these, in turn, recruit immune cells. Recent 
observations suggest that odontoblasts are more potent attractants 
than pulpal fibroblasts in this respect (67). Odontoblasts may also 
release antimicrobial peptides with the capability of direct killing 
both Gram-positive and Gram-negative bacteria (18). Odontoblasts 
furthermore respond to proinflammatory cytokines secreted by adja- 
cent resident cells and invading immune cells. Specific substances 
that regulate vascular permeability and angiogenesis are also 
released upon microbial challenges (70). Consequently, the strategic 
peripheral position of the odontoblast and its varied spectrum of 
response patterns make the cell a prime mover of the pulp's defense 
to both externally and internally derived adverse influences. 






Dentinal repair 

Following injury or irritation (e.g. by a restorative proce- 
dure or rapidly progressing caries), the primary odonto- 
blasts may die. Because these cells are postmitotic cells, 
they are unable to regenerate by cell division. New den- 
tin may nevertheless be formed. Such dentinal repair 
appears to occur through the activity of so-called repair- 
ing odontoblasts or secondary odontoblasts. The precursor 
of these cells is thought to be a population of postnatal 
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Fig. 2.4 Tissue section stained with hematoxylin and eosin showing dentin, 
predentin and pulp tissue proper with odontoblasts lining the periphery. 



Core concept 2.1 



Terms used for different types of 
dentinogenesis 



"\ 



Primary dentin: dentin formed by primary odontoblasts. 

Reparative dentin: dentin formed in response to injury by either pri- 
mary or secondary odontoblasts (repairing odontoblasts). Equivalent 
terms commonly used are irregular secondary dentin, irritation dentin 
and tertiary dentin. 

Note that primary dentin and secondary dentin are terms sometimes 
used to designate dentin formed by primary odontoblasts before and 
after termination of root development, respectively. Consequently, 
the term tertiary dentin has emerged to denote dentin formed in 
response to irritation or injury. The current text makes no such 
distinction. 
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stem cells that are present in the pulp tissue proper (22). 
Following their recruitment and upregulation, a miner- 
alizing matrix is laid down on the dentinal wall. Repair 
by secondary odontoblasts is also possible against an 
appropriate wound-healing agent applied to treat direct 
exposure of the pulp (see Chapter 4). Hence, a new gen- 
eration of odontoblast-like cells, capable of making new 
dentin locally, can evolve in the pulp upon injury. 

Secondary odontoblasts produce dentin at a rate that 
is dependent on the extent and duration of the injury. 
The development of this hard tissue leads to an increase 
in dentin thickness (Figs 2.6 and 2.7). 

It should be noted that dentin formed by secondary 
odontoblasts is more irregular and amorphous and con- 
tains fewer dentinal tubules than primary dentin (11). 
These tubules will not necessarily be in direct line with 
the tubules of the primary dentin (Fig. 2.8). Consequently, 
a complex of primary and reparative dentin becomes less 
permeable to externally derived matter. It also follows 
that such dentin is less sensitive to thermal, osmotic and 
evaporative stimuli (12; see also Chapter 3). The quality 
of the new hard tissue is not always as good as that of 
primary dentin. When it is formed rapidly, e.g. following 
an ischemic injury by dental trauma, it may become 
highly porous and contain areas filled with soft tissue. 
Although the pulpal space in radiographs may appear 



Fig. 2.5 The odontoblast has many 
functions which change during tooth 
development, maturation and injury of 
teeth, (a) Sensor: 1 . affected from out- 
side by antigens, mechanical forces, 
thermal gradients; 2. bombarded from 
inside by circulating hormones, para- 
crine and autocrine substances, (b) 
Secretory cell: a. for dentin lay down, 
b. for maintenance, c. for immune 
defense, (c) Pain mediator: acting as a 
transducer between external stimuli 
and pulpal sensory nerves. 
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Fig. 2.6 Microphotograph showing hard tissue repair following a cavity 
preparation (arrow). The circle indicates bulk of new dentin being formed. 




Fig. 2.8 Tissue section of an interface zone between primary dentin and 
reparative dentin as indicated by arrows. Note that the dentinal tubules are 
less numerous in the secondary dentin than in the primary dentin to the left. 
Also, few of the tubules are in direct line with those of the primary dentin, thus 
making the entire complex less permeable. Pulpal tissue and nuclei of pulp 
cells are to the right. (Courtesy of Dr Lars Bjorndal and with permission of 
Caries Research, Karger.) 



Fig. 2.7 Clinical photograph of anterior lower teeth showing extensive loss 
of tooth structure due to tooth wear. Reparative dentin formed in the pulp has 
prevented direct exposure of the tissue to the oral environment. 



completely obliterated, these areas are large enough to 
give room for bacterial growth and multiplication in case 
of an ensuing infectious exposure (Fig. 2.9). Similarly, 
hard-tissue repair of pulpal wounds may occasionally 
show gross defects, which makes it highly permeable to 
bacteria and bacterial elements. Therefore, hard-tissue 
deposition in the pulp, although adding to the defense 
potential of the tissue in certain instances, should be 
viewed as a scar tissue. 

Nerves 

Pulpal nerves monitor painful sensations. By virtue of 
their peptide content they also play important functions 
in inflammatory events and subsequent tissue repair 
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Fig. 2.9 Series of radiographs of a tooth in a patient who suffered a luxation 
injury at a young age. Hard tissue is successively deposited in the pulp. Arrow 
indicates change in status between the 15-year and 20-year follow-up radio- 
graphs. In the radiograph to the right, a periapical radiolucency is seen, sug- 
gesting pulpal infection. (From Robertson et al. (65) with permission of the 
Journal of Endodontics.) 

(Fig. 2.10). In addition, they control dentin formation 
(Fig. 2.10). 

There are two types of nerve fiber that mediate the 
sensation of pain: A-fibers conduct rapid and sharp pain 
sensations and belong to the myelinated group, whereas 
C-fibers are involved in dull aching pain and are thinner 
and unmyelinated. The A-fibers, mainly of the A-delta 
type, are preferentially located in the periphery of the 
pulp, where they are in close association with the odon- 
toblasts and extend fibers to many but not all dentinal 
tubules. The C-fibers typically terminate in the pulp 
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Fig. 2.10 A large portion of the sensory fibers, including C-fibers and some A-delta fibers, contain vasoactive neuropeptides such as calcitonin gene-related 
peptide (CGRP), substance P (SP) and neurokinin A (NKA). The neuropeptides are produced in the trigeminal cell bodies and are transported via axonal flow to the 
nerve terminals in the pulp, where they are stored. In addition to their effect on pulpal blood flow and vessel permeability, SP and CGRP exert stimulatory effects 
on the growth of pulpal cells, such as fibroblasts and repairing odontoblasts. They are also active in the recruitment of immunocompetent cells in response to 
bacterial exposures. 



tissue proper, either as free nerve endings or as branches 
around blood vessels (56). The nature of A- and C-fibers 
and their respective roles in pain transmission are 
described in Chapter 4. 

Nerves belonging to the autonomic nervous system, 
such as sympathetic vasoconstrictor fibers, are also 
present (48). They enter the pulp together with blood 
vessels and sensory axons. His to chemically, they can be 
traced in the pulp via their content of noradrenaline and 
neuropeptide Y. Upon release, these substances result in 
contraction of the smooth-muscle sphincters in arteries 
and small arterioles apical to and within the pulp (58). 

Both sensory and sympathetic nerves stimulate dentin 
formation as evidenced by reduced dentin formation in 
the absence of sensory nerves and after sympathectomy, 
respectively (32). Sensory and sympathetic nerves also 
interact in pulpal inflammation. For example, an intact 
innervation is significant for recruitment and activation 
of cells of the immune system (see Key literature 2.1). 

As yet, there is little evidence that parasympathetic 
vasodilator blood flow control plays an important role in 
the local function and defense of the pulp. 

Vascular supply 

Current knowledge of the vascular architecture of the 
pulp has been influenced greatly by the use of the micro- 
vascular resin cast method (Fig. 2.11) (68). This technique 
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Key literature 2.1 



Based on experimental studies Haug and Heyeraas (25) suggested 
that immune responses are subjected to modulation by the sympa- 
thetic nervous system (SNS) in dental tissues. The SNS was shown to 
inhibit the production of proinflammatory cytokines, while stimulat- 
ing the production of anti-inflammatory cytokines. In rat dental 
tissues, it was found that the SNS is significant for recruitment of 
inflammatory cells such as CD 43+ granulocytes. Sympathetic nerves 
appeared to have an inhibitory effect on osteoclasts, odontoclasts, 
and on IL-1 alpha production. The SNS stimulated reparative dentin 
production, since reparative dentin formation was reduced after 
sympathectomy. Sprouting of sympathetic nerve fibers occurs in 
chronically inflamed dental pulp, and neural imbalance caused by 
unilateral sympathectomy recruits immunoglobulin-producing cells to 
the rat dental pulp. In conclusion, this article presents evidence in 
support of interactions between the sympathetic nervous system and 
cells producing hard tissue, and pulpal inflammation. 
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allows resin to fill up even the smallest capillaries of the 
pulp. A vascular cast is then obtained, which, following 
corrosion of surrounding tissue structures, can be exam- 
ined in the scanning electron microscope. 

In all developmental stages the crown pulp shows a 
larger vascular network than the root pulp. In more 
central portions of the pulp the vascular network is less 
dense than in peripheral pulp. Anastomosis between 
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Fig. 2.1 1 Series of microphotographs of the vascular network in the pulp of teeth, (a) In the young tooth of dogs there is a dense terminal capillary network in 
the pulp-dentin border zone, (b) The superficial capillary network in the odontoblast region in a view perpendicular to the pulpal surface, (c) Blood vessels in the 
distal root canal of a mature dog premolar. The superficial capillaries drain directly into large venules (V). In the mature tooth, continuous dentin formation and 
narrowing of the pulp cavity lead to remodeling of the vascular tree, (d) The vascular network of an adult human tooth. With a narrow apical foramen, the number 
of arterioles is reduced to 5-8 and venules to 2-3 (40). The number of main vessels, arterioles and venules in the central pulp is also reduced and the typical hairpin 
loops of the terminal capillary network become less pronounced. The detailed vascular architecture of the pulp is similar in cat, dog and human teeth. (Courtesy 
of Dr K. Takahashi.) 



incoming and outgoing blood vessels has been observed 
in the central pulp of adult animal teeth (40) and seems 
to be more frequent in the apical pulp than in the crown 
pulp (38). Shunt connections between supplying and 
draining pulpal vessels have also been found just outside 
the apical foramen in the periodontal ligament (69). It is 
reasonable to assume that these shunts provide control 
of blood perfusion through the pulpal tissue. Hence, in 
the case of a local inflammatory event causing increased 
resistance to pulpal blood flow, arteriovenous shunts 
may come into play and redirect incoming blood. 



Lymphatics 

Both morphological and functional studies in animals 
show the existence of lymphatic vessels in the pulp (8, 
26). These vessels are important to adjust for increased 
colloid osmotic pressures exerted by proteins and macro- 
molecules accumulating extracellularly in inflamed areas. 
Another important function is to serve as pathways to 
the regional lymph nodes for antigen-presenting cells. 
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Immune defense 

The dentin-pulp complex is uniquely organized to offset 
microbial threats from caries and other breaches of the 
outer hard tissue encasement of the tooth to the oral 
environment. While permeable to bacterial elements by 
virtue of the dentinal tubules, dentin nonetheless carries 
out an important filter function of significance to the 
pulp's immune defense. Primarily two mechanisms 
account for this effect: (i) the peripherally directed flow 
of dentinal fluid, and (ii) the absorbance of bacteria and 
bacterial macromolecules to the inner walls of the tubules 
(63). Thereby, dentin is able to temper exposures of 
noxious elements to the pulp, allowing it to adapt and 
organize an effective immune defense response. 

Constituents making up the innate immune defense 
of the pulp include resident tissue cells, viz. odontoblasts 
and immune cells, nerves and vessels (Fig. 2.12). The 
basal set up of immune cells is limited to antigen- 
presenting cells (APCs), macrophages and T-lymphocytes 
(T-cells) of the memory type (23). Neither B-cells nor 
mast cells are residents of the normal pulp and will not 
appear in the tissue unless there is an inflammatory 
event. 

APCs in the normal pulp are of two types. One has 
a pronounced dendritic configuration and belongs to 
the family of dendritic cells (DCs). The other is of the 
monocyte/macrophage lineage. Both constitutively carry 
class II MHC molecules on their cell surface. This mole- 
cule, found on all cells capable of antigen presentation, is 
a gene product of the major histocompatibility complex 
(MHC) and acts as a stimulatory molecule in T-cell acti- 
vation both locally and in the regional lymph nodes. 



The DCs in the pulp are strategically positioned in the 
periphery of the tissue, where foreign antigens are most 
likely to enter (Figs 2.12 and 2.13). Here, they compete 
for available space with the odontoblasts and make 
contact with these cells via their cytoplasmatic processes 
(52). Pulpal DCs are also in close proximity with nerve 
tissue elements and blood vessels in the paraodonto- 
blastic region, suggesting interactive potentials (53, 54). 

The primary function of DCs is to alert the immune 
system for an effective subsequent elimination, and not 
to directly combat invading microorganisms. In peri- 
pheral sites, like the pulp, they occur in an immature 
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Fig. 2.13 Tissue section showing dendritic cells (stained brown) within the 
odontoblastic and subodontoblastic layer. Immunohistochemical staining was 
carried out with OX6-antibody, which is a marker for class II MHC molecules. 
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Fig. 2.12 Constituents of primary significance in the defense of the pulp against foreign substances, including bacterial elements, make up the innate "first line 
of defense". 
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Fig. 2.14 Antigen-specific T-cells are developed in the pulp following primary (I) and secondary (II) antigen exposures along dentinal tubules. Dendritic cells 
(1 in figure) capture protein antigen for processing to peptide fragments and carry (2) and present peptide fragments in the context of the class II molecules 
on their cell surface to naive T-cells in the regional lymph nodes (3: primary immune response). Following clonal expansion, these cells enter the circulation (4 in 
figure). Following their patrolling of tissues as memory T-cells, they may participate in secondary immune responses at local sites, e.g. in the pulp (5 in figure), if 
exposed to the appropriate antigen by local APC (6 in figure). This route constitutes adaptive pathogen-specific immunity. 



state. Maturation to become professional APCs (capable 
of activating T-cells that have not been exposed to anti- 
gen before, so-called naive T-cells) comes from capturing 
incoming foreign antigens. Upon exposure they usually 
start migrating to the regional lymph nodes. Once there, 
fragments of the antigen bound to the class II MHC 
molecule will be shown to the appropriate naive T-cells 
that become activated in a primary immune response 
(Fig. 2.14). DCs are particularly effective in microbial 
sensing, capturing and processing foreign antigens and 
are thus a key initiator of the adaptive immune response. 
The class II molecule-expressing macrophages are 
distributed in a remarkably high number in the pulp and 
seem to form a dense network together with pulpal DCs 
(33, 34). Like other connective tissues, macrophages in 
the pulp are heterogeneous in terms of phenotype and 
function. While there are those serving in local antigen 
presentation, there is also a large population of non-class 
II molecule-expressing, resident macrophages (histio- 
cytes), primarily located perivascularly with primary 
functions in phagocytosis. 



Basal maintenance 

Blood flow 

It is assumed that odontoblasts and nerve endings, 
especially during tooth development, have a high energy 



demand. This may also be true in mature teeth. Hence, 
although there is limited collateral circulation, the 
peripheral pulp is well vascularized (see Fig. 2.11) The 
blood flow through the young adult pulp during resting 
conditions is relatively high compared with that of other 
oral tissues (50). In the adult dog, blood flow per 100 g of 
tissue is ca. 40 ml/min in teeth with a fully formed apex. 
By comparison, in the gingiva it is ca. 30 ml/min. The 
dense capillary network in peripheral pulp also allows 
filtration of fluid from the blood vessels, thereby supply- 
ing the dentinal tubules with fluid. In old teeth blood 
perfusion becomes successively lower. 

Local control 

The level of the resting blood flow in the pulp is to a 
great extent controlled by the neuropeptides substance P 
(SP) and calcitonin gene-related peptide (CGRP). Both 
CGRP and SP maintain a continuous relaxation of feed- 
ing arterioles (7). This continuous influence on the blood 
supply to the pulp depends on a basal release of the 
peptides without apparent nerve activation. 

Nitric oxide (NO) - a short-lived gas molecule that is 
produced enzymatically in the endothelial cell lining of 
vessels - also serves to maintain a physiological blood 
perfusion of the pulp (37). It has a powerful vasodilator 
action and, unlike neuropeptides, causes relaxation of 
the draining venules in the pulp under physiological 
conditions (7) (see Advanced concept 2.2). 



The dentin-pulp complex: structures, functions and responses to adverse influences 19 



Advanced concept 2.2 Mechanisms regulating 
pulpal blood flow 



The physiological regulation of blood flow and tissue pressures in the 
pulp has been studied in some detail in animal teeth. For example, 
treatment with antagonists to neuropeptides, or axotomy leading to 
degeneration of the sensory innervation, almost halves the pulpal 
blood flow and reduces the interstitial fluid pressure in the pulp. 
Pharmacological blocking of nitric oxide (NO) production also reduces 
blood flow but, at the same time, increases tissue pressure. Thus, 
when the physiological action of NO is intact, flow resistance in 
draining vessels is low (dilated vessels), allowing appropriate blood 
flow, volume and tissue pressure in the pulp (8). The constitutive NO- 
producing enzyme (eNOS) is activated by normal pulse-dependent 
shear stress in pulpal vessels (37). 



Remote control 

The regulatory control of pulpal blood flow also 
involves autonomic nerves. This remote system influ- 
ences blood circulation in the pulp as well as in adja- 
cent tissues within the same innervation territory. 

Although parasympathetic vasodilator nerves do not 
seem to play a significant role, there is firm evidence for 
sympathetic vasoconstrictor control in the dental pulp. 
The system does not seem to be active tonically and may 
not support local moment-to-moment demands of the 
tissue. However, physical and mental stresses trigger 
sympathetic vasoconstriction in the oral region, includ- 
ing the pulp, as part of the general fight-and-flight 
reaction (58). 

In general terms, both the sympathetic and the para- 
sympathetic systems operate at the general or segmental 
levels and tend to ignore the needs of an individual 
tissue such as the pulp. Therefore, the locally active 
mechanisms, such as the blood flow control, most favor- 
ably meet the nutritional demands of the healthy pulp. 
Suitable adjustment of blood flow in the pulp is mainly 
the result of a balance between the locally governed 
relaxing factors and a certain myogenic constrictive tone 
of the vessels. 



Appropriate responses of the healthy 
pulp to non-destructive stimuli 

Functionally, the unique dentin-odontoblast unit acts as 
a transducer of various external stimuli of moderate 
intensity. This enables the tissue constituents of the 
peripheral pulp to be alerted appropriately. Thus, in the 
intact healthy tooth, a limited cold stimulus or elastic 
deformation of dentin due to a sudden heavy load on 
the tooth is transformed to minute and rapid movements 
of the dentinal fluid (14). Such movements excite adja- 
cent nerves, resulting in a rapid reflex withdrawal reac- 



Advanced concept 2.3 Spreading of vascular 
reactions 



A transient increase in pulpal blood flow is produced by electrical or 
noxious stimulation of adjacent tissues and teeth, as demonstrated in 
anesthetized animals (57). Thus pinching or insertion of an injection 
needle in the vestibular oral mucosa and delivery of a short train of 
electrical impulses to the lip or adjacent teeth give rise to a blood 
flow increase several minutes in duration. This phenomenon demon- 
strates the extensive branching of sensory nerves in and around teeth 
and their wide receptive fields, implying that spreading of neurogenic 
vascular reactions may take place between different oral tissues 
within the same nerve territory. 



tion, which is immediately followed by a brief, sharp 
pain, alerting the individual to further withdrawal. This 
is an important alarm system protecting the tooth from 
overload leading to crown or root fractures by mastica- 
tion forces, for example (59). 

In parallel there is a transient increase in blood per- 
fusion in the pulp (49). This is part of an instant local 
defense reaction and is brought about by the fine termi- 
nal branches of sensory nerves supplying both cells in 
the odontoblast region and small feeding arterioles 
deeper in the pulp. Excitation of the most terminal 
branches in the peripheral area of the pulp results in a 
reflex propagation of impulses in adjacent nerve termi- 
nals belonging to the same nerves (axon reflex) (59). 
Because these nerves contain vasodilating neuropep- 
tides, it takes only a few seconds for a short-lasting 
(<10min) increase in blood perfusion of the pulp. CGRP 
is the dominating mediator of this response. As a result 
of the transient increase in local blood volume, pulpal 
tissue pressure increases (see Advanced concept 2.3). 

Collectively, the reflex withdrawal, the pain and the 
local blood flow increase are judged as being appropriate 
and essential responses for the protection and mainte- 
nance of the normal function of the pulp. 



Responses to external threats 

During the lifespan of a tooth a variety of external insults 
may challenge the healthy condition of the encased pulp. 
Mechanical, thermal and chemical injuries, as well as 
elements of microbial origin, are threats that may cause 
damage to the pulp. Often, however, the pulp can 
mobilize effective responses resulting in survival with 
only transient consequences. 

General response pattern 

Episodes of sustained and repeated irritation of the intact 
tooth or an exposed dentin surface cause extended pulpal 
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reaction and mobilize elements in a proinflammatory 
response. The predisposition of the pulp to react with 
more complex but transient cascades of events is shared 
by most peripheral tissues and is an important function 
to maintain and regain health. As far as the pulp is con- 
cerned, there are some unique features that affect its 
ability to sustain injury: 

• The encasement within rigid hard-tissue walls restricts 
edema formation and expansion. In other words, the 
pulpal tissue is confined to a low-compliance system. 

• The lack of collateral blood supply in one-rooted 
teeth limits the supply and drainage of blood. 

Both of these factors have implications for the way in 
which inflammatory responses develop in the pulp and 
may, on severe challenge, be contributory to pulp tissue 
breakdown. 

Restorative procedures 

Restorative procedures undertaken in dentistry to man- 
age caries, fractures and losses of teeth cannot normally 
be undertaken without generating damage to the pulp. 
It is primarily the cutting procedure that causes pulpal 
irritation by releasing frictional heat from the use of 
rotary instruments. Because the thermal conductivity of 
dentin is low, it is mostly dehydrating effects that are 
damaging. Critical to this effect is insufficient water irri- 
gation (Fig. 2.15). Direct heat injury does not normally 
occur unless the procedure is carried out close to the 
pulp. Also, the frequent beating of the tooth structure by 




Fig. 2.15 Preparing teeth for restorations generates frictional heat, which 
causes dehydration and tissue damage to the pulp. Such injury is lessened by 
proper water irrigation during the cutting procedure. 



improperly centered instruments may cause traumatic 
effects. All these injuries produce neurovascular 
responses of a nature similar to those described above. 

Preparation trauma with rotary instruments is likely 
to injure the odontoblast layer (71). Owing to dehydra- 
tion of the tubular content, odontoblasts may even be 
sucked into the dentinal tubules. This particular effect is 
termed odontoblast aspiration and can be observed in 
tissue sections by the presence of their nuclear profiles 
within the dentinal tubules. 

Injury by preparation trauma to the odontoblast layer 
opens up pathways for a peripherally directed flow of 
tissue fluid along the tubules. The fluid flow is possible 
owing to the higher tissue pressure in the pulp than 
externally. Under normal conditions it is 5-10 mmHg 
higher in the pulp (26). This corresponds fairly well 
with the local blood pressure. Under inflammation, the 
pulp tissue pressure increases. By contrast, it may be 
reduced during flight-and-fight reactions, apprehension 
and by the use of anesthetic solution containing vaso- 
constrictor (60). 

Protective roles of the dentinal fluid 

Provided that anesthesia with a vasoconstrictor is not 
used and as long as a dentin exposure remains open, 
there will be a slow continuous outward flow of fluid 
along the dentinal tubules (0.4|Lil/min/cm 2 ) (Fig. 2.16). It 
has been estimated that the individual tubule can be 
emptied and refilled ten times a day (12). 

Both the continuous and the stimulus-induced den- 
tinal fluid flow may serve to limit invasive threats. 
Following exposure of dentin to the oral environment, 
bacterial elements may enter the pulp along the tubules 
by diffusion. However, a peripheral flow of dentinal 
fluid both dilutes and opposes such an inward transport 
of elements (Fig. 2.17). Thus, freshly exposed dentin 
subjected to a painful stimulus has some capacity to flush 
the tubules, whereby diffusion of harmful agents is 
counteracted (1, 73). It needs to be recognized, however, 
that the peripheral flow of fluid cannot completely pre- 
vent the inward diffusion of bacterial elements (3, 5). 
Also, under periods of negative tissue pressure noxious 
agents on the surface of dentin, by virtue of the fluid, 
may be drawn into the pulp and aggravate a pulpal 
lesion. 

Nevertheless, the protective effect of the fluid is likely 
to be enhanced during pulpal inflammation and may 
contribute to the process of pulpal healing and repair 
seen following bacterial exposure of dentin (4, 47, 75). 
Along with the increase of plasma proteins in the extra- 
vascular tissue compartment, the content of plasma 
proteins will also increase in the dentinal fluid (41). This 
means that a variety of antimicrobial elements, such as 
immunoglobulin and complement factors, is carried into 
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Fig. 2.16 When exposed dentin is dried (1 in figure) or 
subjected to a painful stimulus, such as a blast of com- 
pressed air or scraping with an explorer, the outward 
movement of the dentinal fluid is rapidly accelerated. 
This results in nerve stimulation (2 in figure) and a nerve- 
mediated increase of pulpal blood flow (3 in figure). 
Consequently, many vessels, which during resting condi- 
tions were only partly blood-filled, now fill up and increase 
the volume of filled blood vessels in the pulp. This in turn 
requires room for expansion (4 in figure). Because the 
space for the encapsulated pulp is restricted, the instant 
fill-up of vessels prompts an increase in the interstitial 
tissue pressure (27). The resultant force enhances the out- 
ward filtration of dentinal fluid (5 in figure) (49). 
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Fig. 2.17 Preparation of dentin for restoration causes an increased pulpal blood flow that results in accumulation of fluid and macromolecules 
outside the leaking vessels. In turn, this will cause a sustained increase in intrapulpal pressure, which may be double that in the normal pulp (32). 
The fluid pressure promptly causes an enhanced outward dentinal fluid flow in exposed dentin. The interstitial fluid accumulation is, however, 
limited by the counteracting pressure increase and by removal of the proteins via lymph vessels. The surplus fluid is slowly transported away by 
absorption via intact venules in adjacent tissue compartments (27). Adjacent lymph and blood vessels also contribute to the clearance of noxious 
substances. 



the tubules and may bind to bacteria and bacterial 
macromolecules. Such binding is likely to impede 
further penetration to the pulp. The increased concen- 
tration of plasma proteins also affects the viscosity of the 



fluid and makes it less pervious. Thus, several factors 
associated with the dentinal fluid may aid in limiting 
threats that may follow exposure of dentin to the oral 
environment. 
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Blood flow changes 

Preparation of dentin by rotary instruments results 
instantaneously in increased pulpal blood flow (Fig. 2.15). 
Activation of the peptide-containing sensory nerve 
arrangement, described above, mediates this response 
(see Core concept 2.2). 

In deep-cavity or crown preparations, a direct effect of 
moderate heat on pulpal cells and vessels also augments 
pulpal blood flow. Excessive generation of heat repre- 
sents an inappropriate operative procedure and cannot 
be abated by the local protective mechanisms, thus 
potentially causing serious damage to the tissue. For this 
reason, it is essential that a proper water-cooling system 
is in effect when cutting teeth with rotary instruments. 

Preparation in vital dentin usually makes the use of 
local anesthetics necessary. As a result, the appropriate 
nerve-mediated vascular responses to the preparation 
trauma will be attenuated for a while. This is not regarded 
as a serious problem because intrapulpal nerves are only 
blocked for a few minutes after injection. However, 
when a vasoconstrictor (adrenaline/epinephrine) is used, 
there will be a long-lasting period of reduction of basal 
blood flow. Infiltration anesthesia in the upper front 
tooth region may lower blood perfusion of the pulp in 
adjacent teeth by 70-80% for < 1 hour (60). These changes 
are not as prominent with a mandibular block but the 
pulp is likely to be vulnerable to the clinical procedures 
directed to the tooth structure. It is therefore advisable to 
avoid catecholamine vasoconstrictors when preparing 
for restorations in teeth with vital pulp. 

Migration of inflammatory cells 

A local injury to the pulp activates the migration of 
inflammatory cells. Following injury, a variety of sub- 
stances is released from resident cells that prompts 
neutrophils and mononuclear leukocytes (monocytes 
and T- and B-lymphocytes) to leave the vasculature. If 
there is no or little bacterial involvement in conjunction 

Core concept 2.2 Neurovascular responses 



Neurovascular reactions, including vasodilation and increased 

vessel permeability in response to external, relatively innocuous 

stimuli, are proinflammatory events. 

The response is reversible in the normal pulp and serves to support 

the tissue in overcoming potential threats. 

The response is significant because: 

- challenged cells are dependent on optimal nutrition 

- clearance of harmful products from the affected tissue compart- 
ment is augmented 

- a moderate increase in tissue pressure tends to limit invasion of 
noxious elements along patent dentinal tubules by increasing 
the peripheral flow of dentinal fluid. 



with the injury, e.g. after a preparation trauma, the infil- 
tration of neutrophils will be limited and these cells will 
soon disappear. By contrast, on a concomitant bacterial 
exposure, for example along the margins of a poorly 
sealed restoration, neutrophils may accumulate in large 
numbers and enter the pulpal ends of the dentinal 
tubules (Fig. 2.18). In such a position they are likely to 
contribute to pulpal protection by blocking both the 
diffusion of bacterial macromolecules and the penetra- 
tion of bacterial organisms (4). 

Peripheral blood monocytes also infiltrate the site of 
injury. Once in the tissue, monocytes become activated 
and turn into macrophages that will exert a multitude of 
important functions including: 

• bacterial killing; 

• cleansing of cellular debris; 

• antigen presentation; 

• stimulation of tissue repair by angiogenesis and 
fibroblast proliferation. 

For further information on mediators of pulpal inflam- 
mation see Advanced concept 2.4. 




Fig. 2.18 Following a bacterial challenge of exposed dentin, neutrophils 
may enter the tubules of the affected dentin at their pulpal ends (encircled) 
and prevent the dissemination of bacterial elements to the pulp. (From 
Bergenholtz and Lindhe (5).) 
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Advanced concept 2.4 



Mediators of pulpal 
inflammation 



In concert, numerous locally produced mediators of inflammation, 
including eicosanoids, cytokines and neuropeptides, support the 
inflammatory process and the subsequent repair phase. Both CGRP 
and SP exert chemotactic attraction on leukocytes, induce expression 
of adhesion molecules on vessel walls necessary for the exit of these 
cells to the tissue and modulate T-lymphocyte activity (34, 62). 

In many animal models, increased plasticity of pulpal innervation 
has been observed. Within 48 hours after experimental exposure of 
the pulp to the oral environment, neuropeptides, including SP and 
CGRP, are increased in the nerve terminals close to the inflammatory 
zone. In addition, there is extensive branching and sprouting of the 
peptide-containing nerve terminals in the border zone of the inflam- 
matory process (39). This outgrowth of peptide-containing nerves is 
part of an acute defense response that is fully developed within 48 
hours after injury and lasts for as long as the irritation persists. These 
local phenomena are governed by the trigeminal cell bodies via 
peripheral influences. The activating signal is conveyed by a neuro- 
trophic nerve growth factor (NGF). This substance is normally formed 
at a low level in pulpal fibroblasts and serves to maintain the integrity 
of the peripheral nerve endings (46) and to accelerate tissue repair 
(45). Consequently, the increased local innervation and increased 
levels of neuropeptides support the mobilization and activation of 
cells necessary for an optimal defense and repair response. 



J 



Effects of potentially destructive stimuli 

In the clinical environment a variety of potentially 
destructive elements, primarily of a bacterial nature, can 
endanger the vital function of the pulp. Also, dental 
procedures and various forms of accidental trauma 
may cause injury leading to pulpal breakdown (see 
Chapter 15). 

Caries 

Caries is a major cause of painful events and inflamma- 
tory injuries of the pulp. In the process of destroying the 
tooth structure, various substances are produced that 
evoke inflammatory lesions upon reaching the pulp. The 
pulp is usually able to endure the bacterial exposure, 
especially when caries is confined to the primary dentin 
only. By contrast, once into reparative dentin or the pulp 
tissue proper, severe inflammatory involvement usually 
occurs (43, 64) that may jeopardize the continued vital 
function of the tissue. 

Caries is defined as initial as long as the process has 
not resulted in macroscopic destruction of the enamel 
(cavitation). In reality, dentin is often involved early on 
(11). Progression of caries tends to be intermittent, with 
periods of rapid destruction interspersed with periods 
where caries advances slowly. Sometimes it may be 
stopped temporarily or permanently (arrested caries) 




Fig. 2.19 Clinical photograph demonstrating extensive caries in the cervical 
region of a lower canine. Part of the lesion seems to be arrested, as indicated 
by the pigmented, leather-like appearance at the buccal aspect. At the mesial 
surface there is plaque accumulation and the lesion is soft to probing, indicat- 
ing progression. 

(Fig. 2.19). The character of the carious lesion in these 
respects influences the degree of inflammatory involve- 
ment of the pulp. 

Responses to caries confined to primary dentin 

Inflammatory tissue changes as well as repair phenome- 
na can be seen in the pulp at all stages of an active carious 
lesion. In fact, tissue responses have been observed even 
at very early stages, before any surface breakdown, when 
caries is confined to the enamel only (10, 11, 13). 

The extent of the response depends on the quantity of 
bacterial irritants that reach the pulp at a given point. It 
is also a function of distance. Consequently, while still in 
the periphery, bacteria will release substances that will 
have to travel much further than in a lesion close to the 
pulp. However, the distance factor is generally of lesser 
significance when reactive processes in terms of intra- 
tubular mineralizations (dentinal sclerosis) have emerged. 
Dentinal sclerosis makes the involved dentinal tubules 
more or less impermeable. It is caused by increased secre- 
tion of peritubular dentin that becomes highly mineral- 
ized and by reprecipitation of mineral crystals that were 
dissolved by acids in the carious lesion (11). These pre- 
cipitations will occur within a limited area pulpally to 
the advancing demineralizing front (Fig. 2.20). Sclerotic 
dentin has a transparent and glass-like appearance. Upon 
advancement of the caries process, the mineral deposits 
will become dissolved and new precipitates may appear 
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Fig. 2.20 (a) Central part of an active carious lesion in a molar, (b) Micro- 
radiograph shows radiopacities within the demineralized dentin, which, 
towards the pulpal aspect, is bordered by a rim of hypermineralized dentin 
(dentinal sclerosis). (Courtesy of Dr L. Bjorndal with permission of Caries 
Research, Karger.) 

in tubules closer to the pulp. Hence, a carious lesion in 
dentin is a dynamic process that includes events of 
breakdown and remineralization in different parts of the 
dentin body where caries is advancing (Fig. 2.20). 1 

It is important to understand that, even during its 
initial exposure of dentin, caries evokes inflammatory 
responses in the pulp, i.e. long before bacteria in the pro- 



NB: Dentinal sclerosis can occur in the absence of caries. It is a 
common change associated with aging and develops successively 
in a coronal direction from the apical region of the tooth, as 
individuals grow older. It may also develop at the peripheral 
ends of the tubules subsequent to their oral exposure by abrasion 
and cervical erosion. After a period of time, mineral salts are 
deposited, which will reduce the sensitivity of the involved 
dentin. 



cess have reached the pulp tissue itself. Support for this 
view has been gained from experimental studies in 
humans and animals where known components of bac- 
teria (in dental plaque) were applied to freshly prepared 
dentin cavities (3, 5). Within hours, and in association 
with the pulpal ends of the exposed dentin, an acute 
inflammatory response developed in the pulp. The result 
of these experiments suggests that dentinal tubules are 
indeed permeable to bacterial elements and supports 
the view that even a small initial carious lesion is able to 
provoke an inflammatory pulpal lesion (13). 

During growth and cell death of microorganisms in 
the caries process, elements are liberated that may 
initiate pulpal responses by different mechanisms. These 
include: 

• Penetration of bacterial components, which act as 
antigens and initiators of the immune response. 

• Release of inflammatory mediators from pulpal cells, 
including odontoblasts (see above). 

The peripherally located odontoblasts and dendritic cells 
are both capable of activating a variety of effector 
mechanisms of innate and adapative immunity. The 
highly motile dendritic cells, after obtaining protein frag- 
ments, will move to regional lymph nodes and initiate a 
primary immune response upon which antigen-specific 
T-lymphocytes are recruited (see Fig. 2.14). By virtue of 
carrying Toll receptors, pulpal nerves are also activated 
by bacterial cell wall elements such as LPS and teichoic 
acid (74). 

Neutrophils will not normally infiltrate the pulp dur- 
ing early dentinal caries. Instead, the inflammatory infil- 
trate is most often composed of macrophages, T-cells 
and plasma cells. These mononuclear cell infiltrates can 
be seen either in clusters or dispersed in the pulp tissue 
proper underneath the carious lesion. 

The number of APCs is also increased (35), represented 
by an accumulation of dendritic cells and class II 
molecule-expressing macrophages (Fig. 2.21). These cells 
participate in the secondary immune response taking 
place in the pulp and are likely to enhance the defense 
and repair capacity of the tissue. 

Although the inflammatory reaction may be pro- 
nounced in rapidly progressing caries in a young tooth, 
where the distance to the pulp is short, it is less distinct 
in a mature tooth where caries is progressing slowly. In 
fact, in the latter case the inflammatory activity is limited 
and sometimes the only evidence of bacterial irritation is 
the emergence of a small rim of reparative dentin (9). 
The number of class II molecule-expressing cells is also 
decreased, suggesting that the influx of bacterial 
substances in these lesions is reduced or inhibited (35). 
The fact that the tissue change becomes so limited on 
slowly advancing caries is likely to be explained by the 
previously described reactive processes taking place in 
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Fig. 2.21 (a) Numerous class II molecule-expressing cells (stained brown) 
accumulated underneath a superficial carious lesion, extending into the dentin 
of a human tooth (dark stain, upper right), (b) Extension of dendrites into the 
tubules. (Courtesy of Dr T. Okiji.) 

dentin. Thus, it is possible that the modifying factor 
explaining differences in pulpal responses between 
rapidly and slowly progressing lesions is the extent to 
which intratubular mineralizations were deposited to 
block or reduce the permeability of the affected dentin 
(11). The formation of reparative dentin also contributes 
to reduced dentin permeability. Yet, in the periphery of 
a carious lesion new dentinal tubules become involved 
and, associated with these, inflammatory/immunological 
reactions and subsequent repair phenomena continue to 
emerge in the pulp. 

In teeth where caries has progressed over long periods 
of time, pulps may display intrapulpal mineralizations 
and increased fibrosis at the expense of the neurovascu- 
lar supply. Tissue changes of this nature render the pulp 
tissue less cellular and, thus, less likely to resist repeated 
injury. 

Response to deep caries 

Once the carious lesion with its bacterial front has pene- 
trated the primary dentin and progressed into reparative 
dentin and/or to the pulp tissue proper, a massive mobi- 
lization of the inflammatory defense will take place (43, 
64) (Fig. 2.22). A most conspicuous feature is the aggrega- 
tion of neutrophils. Often a local abscess develops 
(Fig. 2.23). Clinically, upon excavation of caries, a droplet 
of pus may sometimes appear at the exposure site. 

Although short-lived in an acute inflammatory lesion, 
neutrophils release tissue-destructive elements, includ- 
ing oxygen radicals, lysosomal enzymes and excessive 
amounts of nitric oxide. These agents contribute to deg- 
radation of the pulpal tissue (see Advanced concept 2.5). 
There will also be renewed and intense immunological 
activity, as expressed by an accumulation of immune 
cells (35). Collectively, this means that the microbial load 
on the pulp has increased dramatically and the vital 




Fig. 2.22 Section through a tooth with a far-reaching carious lesion. Note 
the large blood-filled vessels in the pulp tissue. (Courtesy of Dr Lars Bjorndal.) 
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Advanced concept 2.5 Nitric oxide in the pulpal 
response to a carious 
exposure 



In acute pulpal inflammatory lesions the formation of nitric oxide 
(NO) is dramatically increased (44). Endotoxins from Gram-negative 
bacteria and cytokines, such as interleukin-1, tumor necrosis factor 
and interferon-gamma, are typical activators triggering a rapid pro- 
duction of NO-producing enzymes. This occurs both in immune cells 
and in vascular endothelium in areas close to and around an inflam- 
matory site (51). NO is regarded as a central component in innate 
immunity aimed at eliminating invading microorganisms. Hence, NO 
can increase the blood flow and relax the draining vessels, thereby 
supporting appropriate outflow and pressure adjustment (7). In addi- 
tion, NO may exert antibacterial activity and has an inhibitory effect 
on neutrophil infiltration in the acute phase of inflammation (42). In 
fact, the final destruction of microorganisms phagocytosed by macro- 
phages is due to NO (28). These immune cells produce large amounts 
of NO. Thus, NO may assist in modifying the acute pulpal inflamma- 
tory response (36). 

Massive and long-lasting NO formation may have destructive 
effects. It can react with oxygen free radicals produced during the 
inflammatory process to form the stable product, peroxynitrite. 
Peroxynitrite is a strong oxidant that causes tissue injury (2). Thus, 
although NO supports the defense response in moderate tissue 
inflammation, in severe reactions such as that upon caries exposure 
of the pulp, it may become severely toxic and contribute to the break- 
down of the tissue. 



functions of the pulp at this stage are clearly threatened 
(Fig. 2.24). Nevertheless, in spite of the massive bacterial 
attack and the intense inflammatory response, the pulp 
may retain vital functions for an extended period of time, 
although the end result is likely to be pulpal necrosis. 
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Fig. 2.23 (a) Radiograph of a second lower molar in a 30-year-old man with 
deep caries at the mesial aspect of the tooth, (b) Microphotograph showing a 
localized abscess with the remainder of the pulp displaying normal tissue 
structures, (c) Section stained to visualize bacterial organisms in blue at the 
caries exposure site, (d) Numerous bacterial profiles are seen in the abscess 
area, under combat by neutrophilic granulocytes. (Courtesy of Dr Domenico 
Ricucci.) 



Neurovascular events 

Besides the accumulation of neutrophils and immuno- 
competent cells near the carious lesion, the inflammatory 
response also involves extensive neurovascular reac- 
tions. These responses consist of branching and sprout- 
ing of neuropeptide-containing nerve terminals, 
increased pulpal blood flow, increased vascular permea- 
bility and extravasation of fluid and plasma proteins. In 
the process, severe painful symptoms may or may not 



appear (see Chapter 3). The locally increased tissue pres- 
sure as a result of vascular leakage may lead to stasis and 
local ischemia, thus contributing to the risk of pulpal 
necrosis. 

The earlier assumption that increased pulpal tissue 
pressure, as a dominant factor, would compress thin- 
walled venules in a vicious circle resulting in a dramatic 
reduction of pulpal blood flow and possibly pulpal 
necrosis (strangulation theory) is misleading and has 
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Fig. 2.24 (a) Radiograph showing a deep, mesioocclusal carious lesion that 
has advanced to the pulp in a lower molar. Histological examination of the 
pulp in the extracted tooth reveals partial pulpal breakdown at the break- 
through of the carious lesion, (b) The apical pulp displays a normal appear- 
ance, (c) An intense inflammatory infiltrate extends into the orifice of the 
mesial root canal, (d) The pulp tissue of the distal root canal shows less leuko- 
cyte infiltration with an intact odontoblast cell layer. (Courtesy of Dr Domenico 
Ricucci.) 



found no support (72). Thus, the clearance of excess fluid 
and proteins via blood and lymph vessels (27) in the 
vicinity of the lesion zone, as described above, gives the 
pulp relief and may allow it to survive for a period of 
time. 

A summary of the tissue changes in the pulp as a 
response to caries can be found in Core concept 2.3. 



Core concept 2.3 



Tissue changes in the pulp to 
caries 



Caries confined to dentin 

During its course towards the pulp, caries completely destroys 
dentin and transforms it into a mushy mass of decomposed tissue 
containing an abundance of bacterial elements that can provoke 
inflammatory changes in the pulp. Yet, owing to reactive processes 
in dentin (plasma protein depositions and dentinal sclerosis) and 
immune responses of the pulp, the vital function of the tissue is 
seldom endangered as long as caries is confined to primary 
dentin. 

The inflammatory involvement with superficial and medium-deep 
caries in dentin is normally limited to the peripheral portions of 
the pulp. Inflammatory cells, primarily mononuclear leukocytes 
(macrophages, plasma cells and T- and B-lymphocytes), infiltrate 
the tissue but to a limited degree. Signs of repair (e.g. the forma- 
tion of reparative dentin) are often, but not always, a prominent 
feature. 

Pulps in teeth with longstanding and/or slowly progressing caries 
may display increased fibrosis, reduced nervous and vascular 
supply and intrapulpal mineralizations resulting in reduced defense 
competence. 

Direct exposure 

Next to the bacterial front there is accumulation of neutrophils and 
tissue destruction. 
• In adjoining areas there is: 

- immune cell activation and accumulation of macrophages 

- branching and sprouting of neuropeptide-containing nerve 
terminals 

- intense vascular activity and localized increased tissue 
pressure. 

Total necrosis of the pulp may develop after a period of time. 



Response of the periapical tissue 

The inflammatory response of the pulp to an open expo- 
sure by caries is often confined to the site of breakthrough, 
with the apical portion of the pulp remaining uninflamed. 
The lesion in certain cases may be more widespread and 
involve the periapical tissue adjacent to apical foramina. 
These changes include early mobilization of APCs (55), 
edema formation and some bone resorption, which may 
be visible radiographically. 

Pulp polyp 

In young individuals when the pulp chamber is wide, 
caries may initiate a proliferative response and cause 
what is termed a pulp polyp (Fig. 2.25). A prerequisite for 
this condition is that the roof of the pulpal chamber has 
been totally destroyed. The tissue proliferation is an 
expression of the reparative phase of the pulpal response 
and is made possible by the fact that the process no 
longer occurs within a closed system. Pulpal polyps may 
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Fig. 2.25 Microphotograph of a pulp polyp extending from the pulp of a 
young tooth broken down by caries. Note the dense inflammatory infiltrate in 
the proliferating tissue. (Courtesy of Dr Domenico Ricucci.) 



become epithelialized upon making contact with the 
gingival tissue. 



of the pulp is jeopardized. As remarked above, prepara- 
tion for restoration close to the pulp, however, generates 
substantial frictional heat which can cause a significant 
and detrimental temperature increase in the pulp. Repair 
will usually ensue, but the formation of reparative dentin 
can be extensive and thereby render the pulp vulnerable 
to repeated injury. In fact, clinical follow-ups of teeth 
restored with cast restorations (full crowns and teeth 
included as abutments in bridgeworks) have shown that 
pulpal necrosis may occur with an increasing frequency 
over time (6, 16). Often one will find the coronal portion 
of the pulp in such teeth obliterated by reparative dentin, 
making endodontic therapy difficult. 

Another complication of cavity and crown preparation 
is internal bleeding. In rare instances it may be so exten- 
sive that pulpal necrosis occurs almost instantaneously. 
The tooth structure of such teeth may turn red initially 
and later a gray color. In patients treated with anticoagu- 
lants (warfarin) the risk of a sustained intrapulpal bleed- 
ing should be recognized. 



Dental treatment procedures 

While the primary objective of dental treatment proce- 
dures is to eliminate infectious agents in the treatment of 
caries and periodontal disease and to restore tooth func- 
tion and esthetics, these procedures can seldom be car- 
ried out without causing injury to the pulp. In the short 
term, most irritation is survivable. It is only following 
advanced disease and the use of inappropriate proce- 
dures that the risk of severe injury is imminent. On a 
long-term basis scar tissue formation, in the form of 
reparative dentin, increased fibrosis and intrapulpal 
mineralization, may lower the pulp's defense potential 
and lead to breakdown in response to new injuries (6). 

The threats to the pulp in conjunction with dental 
procedures relate to: 

• The damage inflicted in conjunction with the use of 
rotary instruments. 

• Leakage of bacterial elements from the oral environ- 
ment along margins of restorations that show poor 
adaptation to the remaining tooth structure. 

• Toxic effects of medicaments and components of 
materials used to restore cavities and cement crowns 
and inlays. 

It is reasonable to assume that preparation trauma, 
bacterial influences and material toxicities in combina- 
tion are more detrimental to the pulp than each of these 
factors alone (4). 

Preparation trauma 

A cutting procedure by rotary instruments will not nor- 
mally cause damage to an extent that the vital function 



Bacterial leakage 

Bacteria and bacterial elements in the oral environment 
may penetrate margins of dental restorations and seri- 
ously affect the healthy condition of the pulp. The term 
bacterial leakage (synonym: microleakage) is used to imply 
this form of pulpal irritation. 

Research in recent years has indeed demonstrated 
that bacterial leakage in restoration margins is a major 
threat to the vital functions of the pulp subsequent to 
restorative therapies (4, 61). In particular in deep and 
extensive exposures of dentin, the infectious load on the 
pulp can be substantial (Fig. 2.26). 

In principle, the inflammatory events of the pulp in 
response to these bacterial exposures are similar to those 
detailed for caries. Some distinct differences should be 
recognized. Polymorphonuclear leukocytes (PMNs) play 
an important role in the initial responses owing to the 
more sudden and extensive bacterial exposure than that 
in the relatively slowly progressing carious lesion. These 
cells accumulate in areas of the pulp adjacent to the 
involved dentinal tubules. The presence of bacterial 
elements also prompts neutrophils to migrate into the 
tubules. This is probably a most significant defense factor 
that, in addition to the protective effects of the dentinal 
fluid (described above), helps to block further penetra- 
tion of bacteria and bacterial products into the pulp. 
Collectively, these mechanisms are likely to explain why 
pulpal repair and healing are still possible even when a 
restoration does not completely seal its margin (4) (Key 
literature 2.2). 

Contrary to caries, occlusion of dentinal tubules by 
mineral deposits seldom occurs underneath fillings. 
Thus, dentin in areas unaffected by caries may remain 
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Inflammatory 
lesion 






Fig. 2.26 In contraction gaps or after incomplete coverage of dentin follow- 
ing restorative procedures, bacterial elements in the oral cavity may gain 
access to pulp along the exposed dentinal tubules. This is regarded as a seri- 
ous threat to the pulp because it may induce painful symptoms and inflamma- 
tory lesions in the pulp. 



Key literature 2.2 



Lundy and Stanley (47), in an experimental study in humans, prepared 
small but deep dentin cavities in teeth scheduled for extraction. The 
cavities were left unrestored to the oral environment for various 
periods of time to observe and correlate pulp tissue responses to the 
degree of occurring painful symptoms. The initial response of the 
pulp after 1-2 days consisted of severe infiltrates of neutrophils. By 
contrast, at subsequent observations there was no breakdown of the 
pulps even if the remaining dentin wall to the pulp was thin. Instead, 
reduced inflammation and evidence of repair were seen as early as 
9 days after dentin exposure. Weeks and months after the initiation 
of oral exposure, normal pulpal tissue and the formation of reparative 
dentin were seen in the large majority of specimens. On testing for 
sensitivity, teeth became increasingly painful over the first few days. 
These symptoms subsequently subsided, along with recovery of the 
pulp. Findings confirm the potential of the pulp to withstand bacterial 
challenges when there is still a wall of dentin separating the pulp 
from the oral environment. Both reduced or blocked dentin permea- 
bility and inflammatory and immunological responses in the pulp are 
mechanisms that are likely to impede further bacterial irritation. 



permeable and sensitive unless reparative dentin has 
been formed in the pulp. 

Effects of restorative materials 

In addition to the trauma from preparing teeth for resto- 
ration and the subsequent leakage of bacterial elements, 
release of constituents of restorative materials may have 
an adverse influence on the pulp. For years the toxicity 



of restorative materials was regarded a major cause of 
pulpal inflammation and breakdown in restorative pro- 
cedures. However, research in recent years has shown 
that toxic components in restorative materials are a lesser 
threat to the pulp than previously anticipated (4). This 
has been best demonstrated in experimental studies 
where dental materials in common use (amalgam, zinc 
phosphate cement, resin composites) were applied 
directly on pulpal tissue and where the surface of the 
restoration was sealed bacteria-tight (17). These experi- 
ments demonstrated that the pulp around sealed resto- 
rations resumed a healthy state. By contrast, restorations 
without a bacteria-tight surface seal allowed bacterial 
penetration to the pulp-restoration interface resulting in 
a severe inflammatory lesion. 

The risk of severe pulpal complication is even less 
when a dentin barrier remains. Dentin seems to serve as 
a detoxifying tissue, in that highly toxic materials are 
absorbed to the inner walls of the dentinal tubules (29). 
Dentin furthermore buffers the effects of acids and bases 
(30). It needs to be recognized that experiments in vitro 
and in vivo have demonstrated that the hydrophilic resin 
primer 2-hydroxyethyl methacrylate (HEMA) and the 
bonding resin monomer, triethylene glycol dimethacry- 
late (TEGDMA), used in modern restorative procedures, 
readily penetrate thin dentin walls upon topical applica- 
tion (21, 31). Several adverse effects are possible, includ- 
ing pulpal cell injury and allergic reactions in susceptible 
patients, but these have not been confirmed to be preva- 
lent. Therefore, the threat to the pulp in conjunction 
with modern restorative procedures does not seem to be 
as much related to the materials per se as it is to the 
improper seal that may result (Core concept 2.4). 

Dental trauma 

Accidental trauma resulting in fractures and luxations of 
teeth causes injuries that put the vital functions of the 



Core concept 2.4 



Pulpal response to bacterial 
leakage at tooth/restoration 
interfaces 



i 



Leakage of bacteria and bacterial products in tooth/restoration 
interfaces induces inflammatory lesions in the pulp across the 
dentin. 

Although these responses do not normally lead to pulpal break- 
down, they may cause painful symptoms and pulpal scars. 
Clinicians are cautioned not to leave dentin exposures unprotected 
or with poorly fitted permanent or temporary restorations. 
There is a vast difference in the infectious load on the pulp when a 
large area of dentin is uncovered, e.g. in a full crown preparation 
in comparison to a small and shallow cavity preparation. On such 
exposures protective measures are particularly important. 
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pulp at risk in a number of ways. Chapter 15 gives a 
detailed account of the specific effects on the pulp of the 
various forms of dental trauma that may occur. 
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Chapter 3 

Dentinal and pulpal pain 



Matti Narhi 



Introduction 

The dental pulp is exceptionally richly innervated by tri- 
geminal afferent axons (7, 10) that seem to subserve 
mostly, if not exclusively, nociceptive function (30, 39, 
43). Accordingly, they respond to stimuli that induce 
or threaten to induce injury to the pulp tissue, and 
their activation may induce defensive, withdrawal-type 
reflexes in the masticatory muscles (37, 43, 49). The pain 
responses induced by external stimuli can be extremely 
intense. The dense innervation of the pulp and dentin 
gives a morphological basis for the high sensitivity of 
these tissues. In addition to the afferent sensory nerves, 
the dental pulp is innervated by autonomic sympathetic 
efferents that play a role in the regulation of the blood 
flow in the pulp (47) and, in addition, may have regula- 
tory functions in pulpal inflammation (24, 54). The exis- 
tence and functional significance of parasympathetic 
innervation are still controversial (47). 



Classification of nerve fibers 

Nerves can be divided into different groups according to 
axon size and structure, which determine the conduction 
velocities of the individual fibers (22) (Table 3.1). In the 
nervous system the different-sized fibers are distributed 
in a functionally meaningful manner, namely thick 

Table 3.1 Examples of different nerve fiber types, their functions, 
diameters and conduction velocities. 



Fiber type 


Function Diameter 


Conduction 




(jam) 


velocity (m/s) 


Aoc 


Motoneurons 12-20 
Muscle afferents 


70-120 


AP 


Mediation of touch and pressure 5-1 2 
sensations 


30-70 


A5 


Mediation of pain, temperature 2-5 
and touch 


5-30 


C 


Mostly mediation of pain 0.4-1 .2 


0.5-2.5 



myelinated fibers in those nerve tracts where fast con- 
duction is demanded and fine-caliber fibers in those 
tracts where the speed of conduction is not as critical. For 
example, the efferent Aoc-motoneurons, which transmit 
nerve impulses to the skeletal muscles, have thick 
myelinated axons and conduction velocities of up to 
120 m/s (22). The afferent Ap-type sensory axons (with 
conduction velocities of 30-70 m/s) transmit touch and 
pressure sensations and, usually, their receptors respond 
to light mechanical forces, i.e. they have low stimulation 
thresholds (22). 

Pain is conducted by two different sets of neurons: 
thin myelinated A8-fibers with conduction velocities of 
5-30 m/s and neurons with unmyelinated axons with 
conduction velocities of 0.5-2.5 m/s. Because of this orga- 
nization, the sensation perceived in response to noxious 
stimulation consists of two discrete and different compo- 
nents: first sharp and rather well-localized pain mediated 
by A8-fibers and then delayed, dull pain that is mediated 
by C-fibers and can radiate to a wide area surrounding 
the affected tissue (39). The poor localization of the 
C-fiber pain is due to more extensive convergence of the 
afferent C-fibers, compared to A-fibers, to the second- 
order neurons in the brain stem (22). Under experimental 
conditions, the temporal discrimination and the quality 
differences of the two pain components can be demon- 
strated clearly in response to stimulation of extremities 
(39). The same dichotomy in the quality of pain can be 
shown when stimulating teeth (30), although temporal 
discrimination is not as obvious because of the short dis- 
tance between the brain and the site of stimulation. 



Morphology of intradermal sensory 
innervation 

The sensory neurons of the dental pulp have their cell 
bodies in the trigeminal ganglion (7, 10). The teeth of the 
upper jaw are innervated by neurons of the maxillary 
and those of the lower jaw by neurons of the mandibular 
division of the trigeminal nerve. The pulpal axons are 
located in the alveolar branches of the nerve and finally 
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Fig. 3.1 Schematic drawing presenting the innervation of the dental pulp. Several branches from the alveolar nerve enter the apical area of the tooth. Some 
nerve bundles innervate the periodontal tissues. Multiple bundles enter the pulp in close proximity to the blood vessels through the apical foramen; they branch 
further on their way to the tooth crown. Most of the intradental axons have their terminals in the pulp/dentin border of the coronal pulp, which is the most densely 
innervated area in the tissue (a). There are fewer nerve endings in the cervical area (b) and the pulp/dentin border in the root pulp is sparsely innervated (c). 



enter the pulp through the apical foramen or multiple 
foramina of the root apex in close proximity to the intra- 
dental blood vessels (Fig. 3.1). 

Several hundred axons per tooth enter the pulp at the 
root apex; for premolars, this number is close to a thou- 
sand (7, 26, 29). The nerve fibers enter the tooth pulp in 
multiple bundles that contain both myelinated and 
unmyelinated axons (Fig. 3.2) (7, 26, 29). The majority of 
the axons (70-80%) are unmyelinated (7, 26, 29). 

In species as varied as human, cat, dog, monkey and 
ferret, it appears that there are no gross differences in 
intradental innervation (7, 10). Rat molars also have 
similar innervation but in the incisors, which are continu- 
ously erupting, the innervation is sparse and of a differ- 
ent structure. For example, these teeth lack dentinal 
nerve fibers (7, 10). 

Only a small proportion of the pulpal afferents termi- 
nate in the root. Most of the nerve bundles extend to the 
coronal pulp, branching on their way (Fig. 3.1). The ter- 
minal branch endings are located mostly in the pulp/ 



dentin border area of the coronal pulp (Fig. 3.3). A dense 
network of fine nerve filaments, known as the nerve 
plexus of Raschkow, is formed close to the odontoblasts. 
Several nerve terminals also enter the odontoblast layer 
and many of them extend into the dentinal tubules (7, 
10) (Fig. 3.3). Both morphological and functional studies 
indicate that the fine nerve filaments in the dentinal 
tubules are mostly terminals of the myelinated intraden- 
tal axons (7, 10, 40, 43). Some of the axons also terminate 
in the deeper parts of the pulp, often in close proximity 
to the pulpal blood vessels, and they may have a signifi- 
cant role in the mediation of pulpal blood flow responses 
to external irritation, as well as in pulp tissue inflamma- 
tion and repair (9, 10, 47, 48; see also Chapter 2). 

The terminal branching of the pulpal nerve fibers is 
extensive (7). Individual myelinated axons may innervate 
more than 100 dentinal tubules. Accordingly, innerva- 
tion of the pulp/dentin border is extremely dense. Both 
myelinated and unmyelinated fibers terminate as free 
nerve endings. These are the receptors or nociceptors, 
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Fig. 3.2 A schematic drawing showing a nerve bundle entering the pulp 
chamber in the apical area of the tooth. The nerve bundle contains both 
unmyelinated and myelinated axons of variable sizes. 




Fig. 3.3 Innervation of the pulp/dentin border in the coronal pulp. The nerve 
fibers entering the area form a dense network known as the plexus of 
Raschkow. The fibers form free nerve endings in the peripheral pulp and in the 
odontoblast layer. Many nerve terminals are also located in the dentinal 
tubules. Some fibers branch to innervate the adjacent blood vessels (see text 
for details). 



which respond to various external stimuli in normal 
teeth and to the environmental changes and various 
inflammatory mediators that occur under pathological 
conditions. 

As in other tissues, the sensory nerves of the dental 
pulp contain neuropeptides such as substance P and 
calcitonin gene-related peptide (CGRP) (8-12). Several 
different neuropeptides have been identified in various 
parts of the nervous system (18, 34) that act as neuro- 
mediators or modulators and have significant regulatory 
effects on impulse transmission in the central nervous 
system. Many of them have also been shown to function 
in peripheral tissues as, for example, mediator substances 
in the effector organs of the autonomic sympathetic and 
parasympathetic nerves (34). The sensory neuropeptides 
in the afferent nerves play an important role in the initial 
stages of the inflammatory process (neurogenic inflam- 
mation) following injury in the peripheral tissues (47, 48) 
and also seem to regulate the later stages of inflamma- 
tion and repair (8-12). 

The location of the nerve terminals in dentin is limited 
to the inner 150-200 urn of the tubules (7, 10). The outer 
layers of dentin are not innervated. It should also be 
noted that innervation of the dentin is densest in the 
coronal part, especially in the pulp tips under the cusps, 
where about 50% of the tubules have been shown to 
contain nerve fibers (7). Many tubules contain several 
nerve endings (7, 28). Considering the structural dimen- 
sions of dentin it can be estimated that approximately 
15 000-20 000 nerve endings/mm 2 exist in the pulp/dentin 
border area at the pulp tip. Innervation of the pulp/ 
dentin border becomes less dense towards the cervical 
areas and the number of innervated tubules becomes 
considerably lower (7, 10). In addition, the distance that 
the nerve fibers penetrate into the tubules is much shorter 
than in the coronal areas. In the root, the innervation of 
the peripheral pulp and dentin is sparse (7). In this 
respect the structural organization of intradental inner- 
vation seems to be poorly correlated to the sensitivity of 
different dentin areas in the clinical situation, namely, 
that exposed cervical dentin seems to be especially 
sensitive. However, this obvious discrepancy can be due 
to differences in the time the dentin has been exposed 
and in the responses of the pulp-dentin complex to 
irritation in the coronal dentin compared with the 
cervical dentin (see section on dentin hypersensitivity 
below). The variation in dentinal innervation in different 
parts of the tooth may explain the different types of pain 
response induced in the coronal versus the root dentin 
in human teeth (32). 

Some afferent nerve fibers may branch to innervate 
both the dental pulp and the adjacent tissues or multiple 
teeth. Such organization may, to some extent, contribute 
to the poor localization of dental pain and may also allow 
neurogenic vasodilation and inflammatory reactions to 
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occur in an area of tissue wider than that affected by the 
original insult. Correspondingly, within the dental pulp 
the terminal branching of the nerve fibers may contrib- 
ute to the spread of the inflammatory reactions (44). 

Function of intradental sensory nerves 
under normal conditions 

Knowledge of the function of intradental nerves is mostly 
based on electrophysiological recordings performed on 
experimental animals (40, 43, 44, 46). Comparison of the 
nerve responses to the sensations induced from human 
teeth with the same stimuli, as well as to the clinical cases 
of dental pain, has given insight to the contribution of 
the different intradental nerve fiber groups to different 
dental pain sensations. The apparently similar structure 
and function of the innervation in the different species 
examined (human, monkey, dog, cat and ferret) gives a 
reasonable basis for such comparisons (Advanced 
concept 3.1). 

As already mentioned, the pulp and dentin are inner- 
vated by two different groups of afferents: A- and 
C-fibers (30, 40, 43). The functional classification is based 

Advanced concept 3.1 Electrophysiological 

methods for the recording 
of pulp nerve activity 



Two different methods have been applied in the electrophysiological 
recordings of pulp nerve function. Recording from dentin is performed 
by placing the electrodes in dentinal cavities (51). This method allows 
the discrimination of the action potentials of faster-conducting 
A-fibers. The activity of the C-fibers cannot be recorded and classifi- 
cation of the individual nerve fibers with respect to their conduction 
velocities and electrical thresholds is not possible. The recordings 
were initially performed on cat canine teeth (51). It is important to 
note that the method has been applied to human teeth as well and 
those experiments have shown that intradental nerve activity is 
related to pain sensations perceived by the subjects in response to 
the external stimuli applied, showing that pulpal nerves are able to 
conduct nociceptive information (16). In the cat teeth the recordings 
from dentin have shown that pulpal A-fibers respond to mechanical 
and osmotic stimulation of dentin (46) and are activated or sensitized 
by certain inflammatory mediators and heat injury (1, 45, 48). It was 
also shown that the activity of the intradental A-fibers is greatly 
affected by changes in the pulpal blood flow. 

In single-fiber recordings the individual fibers innervating the 
examined teeth are dissected from the alveolar nerve and are identi- 
fied by electrical stimulation of the tooth crown (40). The method has 
been used in dog, cat and ferret teeth and it allows detailed functional 
classification of the examined nerve fibers with respect to their elec- 
trical thresholds, conduction velocities, receptive fields (the area in 
the dentin or pulp where an individual fiber can be activated) and 
sensitivity to a variety of stimuli applied to the dental hard tissues or 
to the pulp (40, 43). 






on the conduction velocities of the axons and corre- 
sponds to the morphological findings showing the exis- 
tence of both myelinated and unmyelinated nerve fibers 
in the pulp (7, 26,29). 

Intradental A- and C-fibers are functionally different 
(10, 30, 43, 44). The A-fibers respond to various "hydro- 
dynamic" stimuli applied to dentin, such as drilling, 
probing, air-drying and hypertonic chemical solutions 
(40, 42, 43). There seems to be a common mechanism of 
nerve fiber activation in response to the different stimuli. 
This hydrodynamic mechanism will be described and 
discussed in detail later in this chapter. The pulpal 
C-fibers are polymodal, which means that they respond 
to several different stimuli when they reach the pulp 
proper (30, 40, 43). The fibers have high thresholds and 
are activated by intense thermal (heat and cold) and 
mechanical stimulation (30, 40, 43). They also respond to 
such inflammatory mediators as bradykinin and hista- 
mine (40, 43), which are both formed and/or released in 
response to tissue injury and associated inflammatory 
reactions. Thus, the results from the electrophysiological 
studies indicate that intradental A-fibers are responsible 
for the sensitivity of dentin and may give the first warn- 
ing signals whenever dentin is exposed, whereas the 
C-fibers may be activated mostly under pathological 
conditions. 

Discrete receptive fields of the intradental nerve fibers 
can be located in either the pulp or dentin (30, 40, 44, 62). 
The receptive fields of C-fibers are found in the pulp 
proper and the pulp tissue has to be exposed for their 
activation. Also, some A-fibers, mostly slowly conduct- 
ing, have their receptive fields in the pulp and thus 
cannot be activated by dentinal stimulation (44, 62). On 
the other hand, the receptive fields of those A-fibers that 
are activated by hydrodynamic stimulation of dentin can 
be located by probing the exposed dentin surface (44, 
62). In normal teeth the receptive fields are usually small 
spots a few millimeters in diameter (Fig. 3.4). Some fibers 
may have two or even three separate receptive fields that 
can be located at a considerable distance from each other, 
in the coronal dentin and cervical area in some cases (62). 
Typically, the receptive fields of individual fibers overlap 
extensively, meaning that stimulation of a small area in 
dentin or pulp can activate multiple nerve fibers; this is 
an important factor, considering the intensity of the pain 
responses induced by external stimulation. These func- 
tional findings are in accordance with the structure of 
innervation of the pulp/dentin border area, with the 
extensive and overlapping terminal branching of the 
individual axons (see above) (Fig. 3.4). 

The intradental C-fibers are activated by a direct effect 
of the applied stimuli on the nerve endings (30, 40, 43). 
For example, in thermal stimulation the response laten- 
cies are rather long and nerve firing does not begin until 
the temperature within the pulp has changed by several 
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Fig. 3.4 Schematic drawing showing the receptive fields of ten individual 
pulp nerve fibers on the exposed dentin surface. The receptive fields are of 
variable shape and overlapping, and in a normal tooth are rather small. The 
terminal branching of three nerve fibers (fibers 1, 2 and 3) in the pulp/dentin 
border on the right side of the figure and the corresponding receptive fields 
(RF1, RF2 and RF3) on the dentin surface are shown as examples. The RF of 
each individual fiber corresponds to the area in the pulp/dentin border inner- 
vated by the particular axon and connected to the receptive field on the dentin 
surface by the dentinal tubules. 



of intradental A-fibers followed by a long latency activa- 
tion of C-fibers (30, 40, 43). Consequently algogenic 
(pain-producing) agents, which activate selectively either 
A- or C-fibers in experimental animals (40, 43), induce 
sharp or dull and lingering pain in human subjects (2). 
Altogether, the above results indicate that intradental 
A-fibers mediate the sharp dental pain sensations and 
are responsible for dentin sensitivity, whereas C-fibers 
mediate the dull pulpal pain or toothache connected 
with pulpitis. 

In spite of the type of stimulus applied to a tooth, pain 
is the only sensation induced in response to activation of 
the pulpal sensory nerves, according to most studies. 
The only exception is low-intensity electrical stimulation 
(39, 43), which can induce so-called prepain sensations 
that probably result from low-level (liminal) activity in 
the pulpal nociceptive afferents. Considering any clinical 
situations when an electric pulp tester is used, it is impor- 
tant to note that the initial sensation at threshold level is 
usually not painful. When the stimulus intensity is 
increased, the sensation becomes painful and any other 
stimulus applied to the tooth induces pain, although its 
quality may vary in response to different stimuli. The 
variation is due to differences in the nerve response 
patterns and the activation of different types of nerve 
fibers (35). 

Sensitivity of dentin: hydrodynamic 
mechanism in pulpal A-fiber activation 



degrees centigrade (30, 40). Similarly, activation of the 
most slowly conducting A8-fibers seems to result from a 
direct effect of the stimuli on the nerve endings (44, 62). 
It also seems that the pulpal C-fibers and slowly conduct- 
ing A8-fibers are // silent ,/ in normal healthy teeth and 
may become active only in cases of pulp injury and 
inflammation. On the contrary, the A-fibers (mostly faster 
conducting) responsible for the sensitivity of dentin 
respond readily whenever dentin is exposed. The nerve 
activation is immediate or of a very short latency com- 
pared with C-fibers, which is in accordance with their 
activation mechanism (see below). 

Comparison of the above-described nerve responses 
to the pain sensations induced from human teeth under 
similar stimulation conditions has revealed how differ- 
ent intradental nerve fiber groups may contribute to the 
different dental pain conditions. For example, "hydrody- 
namic" stimuli, which activate only pulpal A-fibers, 
induce sharp pain when applied to dentin in human 
subjects (42, 43). Intense thermal stimulation of human 
teeth has been shown to induce an initial sharp pain 
sensation followed by delayed dull and lingering pain if 
the stimulation is continued (30). Similar stimulation of 
the cat canine tooth induces a brief, short latency firing 



The "hydrodynamic hypothesis" explaining the sensitiv- 
ity of dentin was first presented by Gysi (23) in 1900. 
Today it is widely accepted that the sensitivity of dentin 
is based on hydrodynamic activation of the intradental 
A-fibers (Fig. 3.5). This concept is supported by a consid- 
erable amount of in vitro and in vivo data from both 
human and animal experiments (5, 6, 40, 42, 44). It was 
shown in the early 1960s and in a number of later studies 
that stimuli inducing pain, when applied to human 
dentin, are able to induce fluid flow in dentinal tubules 
in vitro (5, 6). The strong capillary forces in the fine 
tubules cause the hydrodynamic fluid flow. In general, 
desiccating or evaporative stimuli are the most effective 
because the capillary force contributes to the outward 
movements of the tubule contents. It is much more diffi- 
cult to induce inward fluid flow (6, 50). Moreover, the 
nerve fibers seem to be more sensitive to outward than 
inward fluid movements (59). The fluid flow causes 
mechanical distortion of the tissue in the pulp/dentin 
border area where most of the nerve endings are located 
(Figs 3.1 and 3.3-3.5). Accordingly, with all hydrody- 
namic stimuli the final factor inducing activation of the 
nerve endings or receptors is a mechanical effect. The 
results from single pulp nerve recordings showing that 
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Fig. 3.5 The hydrodynamic mechanism of pulp nerve activation. Any stimu- 
lus capable of removing fluid from the outer ends of the dentinal tubules acti- 
vates hydrodynamic fluid movement. The lost fluid is replaced by an immediate 
outward flow due to the high capillary forces in the dentinal tubules. The fluid 
flow causes mechanical distortion of the tissue with the nerve endings in the 
pulp/dentin border. 

individual nerve fibers respond to several different 
hydrodynamic stimuli are in line with this concept (40, 
43, 44). 

The fluid flow in the dentinal tubules must be rapid 
enough to induce sufficient mechanical effect for activa- 
tion of the nerve endings in the pulp/dentin border. 
Although there is continuous, slow outward flow in the 
tubules of exposed dentin due to the high capillary and 
tissue fluid pressure in the pulp, such a flow is not suffi- 
cient to cause nerve activation (50, 58, 59). As already 
mentioned, stimuli that are able to remove fluid from the 
tubule apertures, e.g. evaporative or desiccating, are the 
most effective in activating the pulpal nociceptors 
because the capillary forces contribute to their effect, 
resulting in an immediate rapid outward flow (5, 6). 

Thermal stimulation is also able to induce hydrody- 
namic nerve activation because temperature changes 
cause volume changes in the dentin and tubule contents. 
However, the temperature change must be rapid enough 
to cause sufficient fluid flow for nerve activation. In 
general, cold is more effective than heat because it 
induces outward fluid movement (6, 59). If intense 
enough, thermal stimulation (both heat and cold) is able 
to induce hydrodynamic nerve activation in an intact 
tooth without any dentin exposure (30). In cases of pulpal 
inflammation, the intradental nociceptors may become 
sensitized and activated by a direct effect of heat or cold 
(43, 44), resulting in a significant increase in the thermal 
sensitivity of the affected teeth. 

Various hypertonic solutions can induce pain when 
applied to human dentin and activate intradental nerves 
in experimental animals (3, 5, 43). This action is based on 
their ability to extract fluid from the dentinal tubules, 



owing to their high osmotic pressure, resulting in activa- 
tion of the capillary forces and fluid movement (5, 6). 
Several studies have shown that the capability of hyper- 
tonic solutions to induce pain in human teeth (3, 5, 6) 
and to activate intradental nerves in experimental ani- 
mals (43) is related to their osmotic pressure rather than 
to the chemical composition of the applied solution. Such 
results give further support to the view that the intra- 
dental nerves are activated by the hydrodynamic 
mechanism. 

The experimental induction of pain with hypertonic 
solutions corresponds to a clinical situation: when a 
patient complains of dental pain in connection with 
eating sweets (which form a saturated sucrose solution 
when mixed with the saliva on the tooth surface), this 
indicates that dentin with patent tubules is exposed in a 
tooth or teeth. The exposure can be found on visible 
occlusal or cervical surfaces but also in the margins of 
leaky fillings. 

A major characteristic of sensitive human dentin is 
that the dentinal tubules are patent (5, 6, 41, 42). The 
hydraulic conductance of dentin and the amount and 
speed of the dentinal fluid flow are, to a great extent, 
dependent on the dentin having open or blocked tubules 
(6, 50). In practice, this means that all exposed dentin is 
not sensitive. For the induction of hydrodynamic fluid 
flow by capillary forces, removal of fluid from the tubule 
apertures is essential. Blocking of the tubule openings 
prevents or reduces the removal of dentinal fluid by the 
applied hydrodynamic stimuli and thus reduces dentin 
sensitivity (42). 

The effect of the condition of dentin on its sensitivity 
has been shown in a number of human and animal 
experiments. For example, after drilling, the dentin 
surface is covered with a smear layer (drilling debris) and 
the tubule openings are blocked by the smear plugs. 
Etching of the exposed surface with acid is able to remove 
the smear and open the tubules, thus increasing the 
sensitivity of the dentin to a great extent (5, 6, 40, 42, 43). 
Blocking of the dentinal tubules, e.g. with oxalates or 
resins, reduces or abolishes the pulp nerve responses in 
experimental animals (40, 42, 43) and desensitizes dentin 
in human subjects (6, 42). It has also been reported that a 
significant positive correlation exists between the density 
of the open dentinal tubules and the intensity of the pain 
responses induced from exposed cervical dentin surfaces 
(41). In addition to the surface condition, changes occur- 
ring deeper in dentin, such as intratubular mineraliza- 
tion and secondary or irritation dentin formation in the 
pulp, may affect the hydraulic conductance of dentin 
and thus its sensitivity (6, 50). 

The results of the studies listed above give strong but 
still only indirect evidence supporting the idea that the 
sensitivity of dentin and intradental A-fiber activation 
are based on the hydrodynamic mechanism. In fact, 
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Vongsavan and Matthews (58, 59) have shown a direct 
relationship between the measured dentinal fluid flow 
and intradental nerve activity in response to hydrostatic 
pressure changes in cat teeth. 

Other suggested mechanisms of pulp nerve activation 
include the possibility of direct activation of the nocicep- 
tors when dentin is stimulated. However, such a mecha- 
nism does not fit with the findings regarding the response 
properties of intradental nerve fibers and sensory 
responses in human subjects, showing that algo genie 
agents are unable to induce nerve activity or pain when 
applied to peripheral dentin (40, 45). Moreover, as 
described earlier, neuroanatomical studies have shown 
that peripheral dentin is not innervated (7). The possible 
role of the odontoblasts in pain impulse transmission has 
been discussed and studied but the evidence supporting 
such a view is vague (see Advanced concept 3.2). 

It can be concluded that the sensitivity of dentin is 
based on hydrodynamic activation of intradental A-fibers 
and, because patent dentinal tubules are the most impor- 
tant factor for nerve activation, blocking of the tubules 
would be the method of choice to abolish or prevent 
dentinal pain symptoms. 




The possible function of odontoblasts - with their cell processes in 
the dentinal tubules - as receptor cells has been discussed for a long 
time (4, 36, 40). It has been suggested that these cells have mem- 
brane properties like those of excitable cells and thus would be able 
to respond to external stimulation by creating a receptor or generator 
potential (36). This potential would then cause propagation of action 
potentials, which would be transmitted further in the nerve fibers. 
However, evidence supporting the idea of receptor cell function of the 
odontoblasts is controversial. Although the membrane properties 
with the characteristics of the ion channels and consequent electrical 
responses of the cells possess some properties similar to neuronal 
satellite cells (15), their electrophysiological responses do not resem- 
ble those of sensory receptors (15, 36). Moreover, morphological 
studies have been unable to identify any cell contacts between odon- 
toblasts and the adjacent nerve fibers, which would be typical for 
synaptic connections or electric coupling of the two cells (7, 1 0, 36). 
According to morphological studies, the odontoblast process is limited 
to the inner third or half of the dentinal tubule (7, 28) and thus might 
not contribute to the sensitivity of peripheral dentin. Also, studies on 
human teeth and electrophysiological recordings on experimental 
animals have indicated that dentin can remain sensitive and intra- 
dental nerve fibers are activated even when the odontoblast layer has 
been destroyed (5, 6, 27). In conclusion, on the basis of the currently 
available evidence, the proposed receptor cell function of odonto- 
blasts seems improbable. However, odontoblasts may have important 
functions as supporting cells for the fine nerve terminals and in the 
regulation of environmental conditions, including the composition of 
dentinal and tissue fluid around nerve endings (1 0). Such environmen- 
tal changes may modify the sensitivity of intradental nociceptors. 



Responses of intradental nerves to tissue 
injury and inflammation 

In normal intact teeth quite intense external stimuli are 
needed for the induction of any activity in the pulpal 
nociceptors. They stay mostly "silent" because their 
thresholds to various stimuli are high and they are also 
well protected by the dental hard tissues. As a result, hot 
or cold foods and drinks do not cause any significant dis- 
comfort or pain in a healthy dentition. When dentin is 
exposed, activation of the hydrodynamic forces can 
intensify the effects of the external stimuli to a great 
extent. This allows activation of the intradental A-fibers, 
mediating sharp dentinal pain. The intensity of the pain 
is most often still mild or, at greatest, moderate and con- 
siderably well localized. Such initial pain responses after 
dentin exposure can be regarded as a warning signal 
indicating that dentin is exposed and there are patent 
dentinal tubules that form a connection between the 
pulp and the dentin surface. In addition, the protective 
or withdrawal reflexes induced by the pulpal A-fiber 
activation in the jaw muscles can modify the masticatory 
function and contribute to the prevention of excess tooth 
wear or, in some extreme cases, even cracking of the 
tooth crown (37, 41, 49). 

In inflamed teeth, external stimuli that are not painful 
in healthy dentition can induce extremely intense pain 
responses. For example, patients with pulpitis often 
complain that temperature changes caused by hot or 
cold foods or drinks induce pain. Also, spontaneous pain 
without any obvious external irritation may be present. 
Such symptoms indicate that the pulpal nociceptors have 
been sensitized, which means that their thresholds to 
heat, cold and other stimuli are decreased. Also, the silent 
nociceptors, which do not respond in healthy teeth, may 
be activated as indicated by the animal experiments (43, 
44). The sensitization can be induced by a number of 
inflammatory mediators that are released and/or formed 
in the pulp as a result of the insult (40, 43, 44, 46). Owing 
to the environmental changes and the activation of dif- 
ferent mediators, intradental A- and C-fibers may be 
affected differentially during the progress of the inflam- 
mation (40, 43, 44), which may explain the changes in the 
type of pain symptoms found in clinical cases of 
pulpitis. 

Peripheral neural changes affecting pain 
responses in inflamed teeth 

As in other tissues, injury to the pulp results in an inflam- 
matory reaction, which is an initial promoter of the 
healing and repair processes. Stimulation of exposed 
dentin is able to induce injury, which includes disloca- 
tion of the odontoblasts into the dentinal tubules as 
shown in histological studies (5, 6, 27). Also, nerve end- 
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ings located in the tubules or adjacent to the odontoblasts 
become damaged (10, 33). Such morphological changes 
are prominent after dehydrating stimuli and clearly 
show the efficacy of the hydrodynamic link in the media- 
tion of the stimulation effects from the dentin surface to 
the pulp. Thus, even a light stimulus such as an air blast 
can, in fact, be noxious to the pulp owing to the amplify- 
ing effect of the capillary and hydrodynamic forces. In 
spite of the morphological changes with destruction of 
the odontoblast layer and dentinal nerve endings, the 
exposed dentin surface remains sensitive in human sub- 
jects (5, 6, 33) and intradental nerve fibers in experimen- 
tal animals maintain their responsiveness to dentinal 
stimulation (27). Thus, dentin sensitivity is not depen- 
dent on the existence of intact odontoblasts or nerve 
endings in the dentinal tubules. 

Neurogenic vasodilation and inflammation 

Whenever an insult causes activation of the intradental 
nociceptors, the initial reaction in the pulp tissue is neuro- 
genic vasodilation mediated by the terminals of the 
afferent nerve fibers (Fig. 3.6). The propagated action 
potentials are conducted over the entire cell membrane 
of the neuron. As a result of ortodromic conduction the 
impulses reach the trigeminal nuclei and then higher 
brain centers, including the cortex, to evoke a pain sensa- 
tion. Antidromic transmission along the collateral termi- 
nal branches of the axons results in the release of CGRP 
and substance P, which induce vasodilation and an 
increase in the permeability of the blood vessel walls. 
Because the responses are evoked by the propagated 
nerve impulses, they are induced immediately by exter- 
nal irritation. Thus, this initial component of the inflam- 
matory reaction is dependent on afferent nerve fibers 
and is called neurogenic inflammation. 

The extensive branching of the pulpal afferents also 
allows a spread of the neurogenic effects in a wider area 



of the pulp than was originally stimulated. It is also pos- 
sible that activation of axons innervating the pulp and 
the surrounding structures may result in a spread of the 
neurogenic inflammatory reactions between the adjacent 
tissues in rather early stages of inflammation (47, 48). 

Inflammatory mediators 

As outlined in Chapter 2, many different mediators are 
activated at different stages during the inflammatory 
reaction and tissue repair, originating from numerous 
sources, e.g. various tissue components of the pulp, 
migrating inflammatory cells and the circulating blood. 
These mediators have important effects in the regulation 
of the inflammatory reaction and tissue repair. The neuro- 
genic factors interact closely with other mediators (48), 
e.g. sensory neuropeptides can induce the release of 
histamine. Autonomic nerves also seem to be involved 
and it has been suggested that sympathetic nerve end- 
ings form contacts with the afferent nociceptive termi- 
nals to prevent the release of sensory neuropeptides by a 
preterminal inhibitory effect (48). The sympathetic 
nerves may also sprout in carious or inflamed teeth and 
their other mediator neuropeptide Y (NPY) is also able to 
prevent CGRP release from the nociceptive sensory 
nerve endings (17, 20, 54) and, in this way, inhibit the 
inflammatory reaction. 

After heat injury, intradental nerves are sensitized and 
show ongoing firing and increased responses to thermal 
stimulation (1). The fact that the induced activation is 
inhibited by anti-inflammatory drugs indicates that the 
sensitization is mediated by prostaglandins (1). Serotonin 
has been shown to sensitize pulpal A-fibers (43, 45). After 
local application of serotonin into deep dentinal cavities, 
the responses of A-fibers to hydrodynamic stimulation of 
dentin are enhanced and they show ongoing activity 
(43). Brady kinin and histamine activate pulpal C-fibers 
(40, 43). The differential sensitivity of the intradental 
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Fig. 3.6 Schematic drawing presenting the induction of 
neurogenic vasodilation and inflammation in the pulp/ 
dentin border. Activation of the nociceptors by external 
stimulation results in nerve impulse conduction along all 
collateral endings of the same axon. Some of the endings 
are located adjacent to the blood vessels. In response to 
their activation, the terminals release sensory neuropep- 
tides, which induce vasodilation and increase the permea- 
bility of the vessel wall. 
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A- and C-fibers to various inflammatory mediators may 
give an explanation of the changes in the type and inten- 
sity of the pain symptoms during the progress of pulpal 
inflammation. The conditions in the pulp tissue, such as 
alterations in the blood flow and consequently the 
amount of available oxygen, may also play a role. In 
general, the unmyelinated C-fibers are more resistant 
than the myelinated A-fibers to reduced oxygen pressure 
(18), and single-fiber recordings in cats suggest a similar 
difference in the intradental nerves (43). Moreover, low- 
ered pH may favor activation of C-fibers via sensitization 
of TRPV1 receptors (21) and, in fact, recent electrophysi- 
ological recordings indicate that C-fibers get more active 
while the A-fiber activity is reduced in inflamed teeth of 
experimental animals (38). 

Morphological versus functional changes of 
pulpal nerves in inflammation 

In addition to nerve impulse transmission there is 
another, slower type of signaling between the nerve ter- 
minals in the peripheral tissues and the soma of the 
neuron via axonal transport. This process is bidirectional, 
including both antero- and retrograde transportation of 
various cytochemical signaling agents. It allows trans- 
mission of information regarding the conditions of the 
tissues around the nerve endings to the soma of the 
neuron (10). An injury to the nerve terminals and other 
tissue components in the pulp results in metabolic acti- 
vation of the neurons in the trigeminal ganglion. As a 
result, various signaling molecules, receptors, mediators 
and modulators are synthesized and transported to the 
nerve endings in the injured tissue, where they take part 
in regulation of the inflammatory process and tissue 
repair (8, 10). Also, profound morphological changes 
take place in the peripheral nerve terminals (12). These 
changes are regulated by growth factors and other 
signaling molecules activated during the process (8, 10). 
It should also be noted that the action potential firing 
and the transport of signal molecules into the central 
nervous system result in discrete cytochemical changes 
in the second-order neurons of the brain stem (13), which 
may be related to central sensitization with an increased 
nociceptive impulse transmission in the trigeminal pain 
pathways. 

The sensory neuropeptides, CGRP and substance P, 
present in the afferent nerves of normal healthy tissues 
(8-12) seem to be confined to the fine-caliber pain- 
mediating afferents (10, 18). It is also indicated that the 
neuropeptides are predominantly located in the 
unmyelinated C-fibers and that some small A8-fibers are 
CGRP immunoreactive (31, 35, 48). 

Morphological changes shown to take place in 
response to injury and inflammation in the intradental 
nerve endings include an increase in their neuropeptide 



content and sprouting of the nerve terminals (8, 9). As 
already mentioned, the sensory neuropeptides are able 
to induce vasodilation and an increase in the permeabili- 
ty of the vessel walls (47, 48). Such vascular reactions are 
an essential part of the inflammatory reaction and are 
necessary to satisfy the nutritional needs related to the 
increased metabolic activity in connection with tissue 
repair and healing. The above-described structural 
neural responses are probably important for tissue repair 
because they allow more effective regulatory function of 
the nerve terminals in the healing process (11, 12; Key 
literature 3.1). Also, the time course of the morphological 
changes in the nerve terminals indicates that they are an 
essential part of the tissue responses. They are obvious 
within a couple of days after the insult in the rat molars 
and they disappear concomitantly with tissue repair and 
resolution of the insult in reversible cases (8, 9). 

The experimental findings regarding the functional 
correlates of the morphological changes in the pulpal 
nociceptors described above are limited. Considering the 
extent of the changes, they may have important effects 
on the tooth sensitivity. Electrophysiological studies 
indicate that the receptive fields of single intradental 
nerve fibers in inflamed dog teeth are wider than in 
uninf lamed controls (44) (Fig. 3.7). Such a change corre- 
lates with the morphological findings showing sprouting 
of the axon terminals (8, 9). Along with the expansion, 
overlap of the receptive fields of single afferents in 
dentin is increased, resulting in an increase in the 
number of fibers activated by stimulation of any particu- 
lar area in dentin (Fig. 3.7). Accordingly, such changes 
may contribute to increased dentin sensitivity in inflamed 
teeth (42, 44). 

Electrophysiological experiments have shown that in 
inflamed teeth the proportion of A-fibers that respond to 
dentinal stimulation is increased significantly (44), espe- 
cially in slowly conducting A-8 fibers (44). Many of these 
fibers are "silent" under normal conditions but seem to 
become active as a result of the inflammatory reaction 
(44). The change may be caused by sprouting and 
consequent formation of new nerve endings and also by 
sensitization of the original nerve terminals by the 

Key literature 3.1 



Byers and Taylor (12) (see also: Byers, Suzuki and Maeda; 11) com- 
pared the responses after pulp exposure in denervated and normally 
innervated rat molars and found that the absence of sensory nerves 
affected the tissue response significantly. Six days after occlusal pulp 
exposure, the denervated teeth showed more advanced pulp necrosis 
and less remaining vascular, vital pulp tissue compared with the con- 
trol teeth with normal sensory innervation. The results indicate that 
the existence of intact sensory innervation with its responses to tissue 
injury may be important for regulation of the inflammatory response 
and consequently for tissue defense and repair reactions in the pulp. 
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Fig. 3.7 Schematic drawing showing receptive fields of the same intradental 
nerve fibers as presented in Fig. 3.4. Terminal sprouting of three fibers (fibers 
1, 2 and 3) in the pulp/dentin border is shown on the right and consequently 
the receptive fields (RF1, RF2 and RF3) on the dentin surface have expanded 
and show increased overlap (cf. Fig. 3.4). 



inflammatory mediators. Activation of the "silent" noci- 
ceptors may significantly increase the sensitivity of the 
affected teeth. 



Local control of pulpal nociceptor 
activation 

A puzzling clinical finding is that pulpitis may often 
result in total pulp necrosis without any symptoms. 
Recent studies have revealed a number of local media- 
tors in the peripheral tissues that regulate the inflamma- 
tory process and consequently the sensitivity of the 
nociceptors (48, 56). In the dental pulp, for example, 
peripheral endogenous opioids, somatostatin and nor- 
adrenaline have been suggested to possess such effects 
(10, 19, 44, 48). As already mentioned another mediator 
of the sympathetic fibers seems to inhibit the release of 
CGRP and, thus, may slow down the inflammatory reac- 
tion and nociceptor activation (17, 20, 54). It is indicated 
that the release of the mediators is closely linked to spe- 
cific steps in the inflammatory process and is regulated 
by a negative feedback loop (48). The inhibitory factors 
may be needed to attenuate the inflammatory reaction 
and at the same time they inhibit the activation of the 
pulpal nociceptors. In addition, environmental changes 



due to alterations in local blood flow are able to modify 
the responsiveness of the intradental nerves (43, 46). 

In addition to the described local factors in the pulp 
tissue itself, a large number of chemical agents released 
from carious lesions in decayed teeth and diffusing from 
the dentin surface through patent tubules may modulate 
nerve activity (46). Thus, numerous local mechanisms 
may affect the activation of the intradental nerves and 
contribute to the wide variability of pulpitis symptoms. 



Dentin hypersensitivity 

Dentin hypersensitivity is a pain condition that develops 
following exposure of dentin surfaces. The condition is 
most often located in the cervical area of the tooth (6, 42, 
50) and can be a considerable clinical problem. Typically, 
patients complain of a sharp or shooting pain that is 
induced by cold foods or drinks, tooth cleaning or even a 
light touch of the exposed dentin surface (42, 50, 61). The 
pain symptoms can be extremely intense, continue for 
years and thus have great impact on the patient's every- 
day life. The condition and main features of sensitive 
dentin, as well as the hydrodynamic nerve activation 
mechanism as the basis for dentin sensitivity, have been 
described in detail in an earlier section on dentin sensi- 
tivity. The following text will focus on the factors that 
may prolong the condition, especially the role of inflam- 
matory mechanisms and neural effects. 

In favorable cases the repair reactions of the pulp- 
dentin complex in response to dentin exposure usually 
lead to a gradual tubule block by intratubular mineral- 
ization and/or irritation dentin formation to protect the 
pulp, leading to natural desensitization of dentin. 
However, sometimes the dentinal tubules may stay open 
and the sensitivity of dentin is maintained (6, 42, 50). 
Such variation in the local responses in dentin is poorly 
understood. It may be due to a compromised defense 
capability of the pulp tissue or to intense and continuous 
external irritation. Possible differences in the repair reac- 
tions in the coronal versus cervical pulp-dentin complex 
may explain why persistent symptoms of dentin hyper- 
sensitivity are often found in the cervical and root areas 
but rarely in the coronal dentin (42, 50). In this respect 
the structure of the intradental innervation is interesting, 
showing a dense network of nerve endings in the crown 
(7); the afferent nerves may play an important role in the 
repair and defense reactions of the pulp and dentinal 
mineralization (11, 12, 25). Also, the time course of the 
dentin exposure may be significant. Gingival recession in 
the cervical area may cause much faster exposure com- 
pared with that caused by attrition on the occlusal or 
incisal tooth surfaces and thus not allow sufficient time 
for favorable repair reactions to take place in the pulp. If 
the dentinal tubules remain open, it may result in an 
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inflammatory reaction in the pulp (6) and a more or less 
persistent pain condition. 

The method of choice in the treatment of dentinal pain 
would be blocking of the patent tubules. The action 
mechanism of a number of products marketed for hyper- 
sensitive dentin is based on this principle but in some 
cases dentin sensitivity may remain even when the 
tubules have been blocked completely (42). This may be 
an indication of pulpal inflammation and consequent 
sensitization of the intradental nociceptors. Thus, the 
products used in the clinic for the treatment of dentin 
hypersensitivity may, in some cases, have diagnostic 
value in the discrimination of inflamed teeth. 

Exposed dentin with patent tubules is sensitive if the 
underlying pulp is vital. The definition "hypersensitive 
dentin" would implicate that dentin can be more sensi- 
tive than normal and it is tempting to state this, consider- 
ing how extremely intense the dentinal pain responses 
sometimes can be (42). In fact, the electrophysiological 
and morphological studies presented above give support 
to this concept. Namely, local application of serotonin in 
healthy teeth can increase the sensitivity of intradental 
A-fibers to dentinal stimulation (42, 43). Moreover, mor- 
phological and functional changes showing sprouting of 
the pulp nerve terminals (8-12), expansion of the recep- 
tive fields of pulpal A-fibers (10, 44) and activation of 
"silent" nociceptors (44) may contribute to an increase in 
dentin sensitivity in inflamed teeth. Accordingly, in teeth 
with hypersensitive dentin, pulpal inflammatory reac- 
tions may play a significant role in the development and 
maintenance of the pain symptoms. It should be noted, 
however, that the above neural changes are reversible. 
They can be resolved if the pulpal irritation can be abol- 
ished and consequently the inflammatory reaction 
attenuated (8, 9). Thus, effective tubule block may con- 
tribute to the reduction of dentin sensitivity both directly, 
by reducing the hydraulic conductance, and indirectly, 
by allowing resolution of the pulpal neural changes 
induced by inflammation. 

Central nervous system mechanisms 

Both structural and functional changes in the central 
nervous system take place following peripheral nocicep- 
tor activation in response to tissue injury and inflamma- 
tion. These changes become more prominent in 
long-lasting pain and may result in persistent alterations 
in those parts of the pain pathways that participate in 
the regulation of pain impulse transmission from the 
periphery to the higher centers of the brain. Results from 
psychophysiological studies and neurophysiological 
experiments indicate that central regulation is also 
important in various dental pain conditions. 

The human experiments of Sigurdsson and Maixner 
(55) showed that radiation of the pain in pulpitis is via 



secondary hyperalgesia due to central sensitization. By 
conditioning painful stimulation of the arm, the second- 
ary hyperalgesia could be abolished and the primary 
source of the pain more accurately localized. 

Electrophysiological studies have shown that noxious 
stimulation of teeth results in discrete cytochemical 
responses in the second-order neurons of the trigeminal 
brain stem nuclei mediating orofacial pain (12, 13). These 
morphological changes are obvious within a few hours 
after stimulation of the peripheral nociceptors and may 
represent the first signs of initial sensitization of the cen- 
tral pain pathways. Injuries to the dental nerves caused 
by tooth extractions and pulpotomies have been shown 
to induce long-lasting functional changes in the trigemi- 
nal brain stem neurons (53). The neurons show increased 
spontaneous activity and expansion of their peripheral 
receptive fields, indicating that they have formed con- 
nections to peripheral neurons that do not normally 
activate them. 

In summary, it is indicated that inflammation and 
injury in the peripheral tissues may result in changes in 
impulse transmission in the central pain pathways. It is 
not known exactly to what extent the central mechanisms 
play a role in dental pain conditions but they may be sig- 
nificant, especially in cases of long-lasting pain. 



Pain symptoms and pulpal diagnosis 

At its worst, pulpitis can cause extremely intense pain. 
On the other hand, it is a common clinical finding that a 
large number of teeth develop total pulp necrosis with- 
out being painful and with no symptoms (6). As described 
above, local mechanisms affecting nociceptor activation 
in the pulp (10, 44, 48) and regulation of the impulse 
transmission in the central nervous system (55) have 
significant modulatory effects on the development of 
pain in pulpitis. The poor correlation between the pain 
symptoms and the actual condition of the pulp in 
inflamed teeth has been established in histopathological 
studies (6, 52). From a diagnostic point of view, the great 
variation of symptomology in pulpal inflammation is 
important to note (see Chapters 4 and 14). 

The nerve fibers in the pulp may maintain their struc- 
tural identity even in advanced pulpitis where there is 
considerable destruction of the other components of the 
pulp tissue (57). It is not known if the remaining axons 
are capable of impulse transmission under such condi- 
tions but clinical experience shows that pain can be 
evoked in connection with endodontic treatment of teeth 
where most of the pulp tissue is necrotic. Comparison of 
the electrical thresholds of single intradental nerve fibers 
and those of human teeth also indicates that activation of 
only a few intradental axons is sufficient to evoke pre- 
pain or pain sensations in human teeth (39, 43). With 
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pulp diagnosis such results are significant because they 
indicate that a few surviving nerve fibers in a pulp with 
advanced tissue necrosis may give a positive sensory 
response to dental stimulation. Thus, evoked sensations 
in response to electrical stimulation with a pulp tester do 
not necessarily mean that the pulp is healthy. In fact, 
dentin can be sensitive in spite of considerable tissue 
damage in the underlying pulp tissue (6). All these find- 
ings indicate that the correlation between the dental 
sensory responses and the condition of the pulp tissue is 
poor. Accordingly, it should be noted that pain symp- 
toms are not a reliable basis for pulp diagnostics. 

In inflammatory lesions, mediators such as histamine 
and bradykinin activate C-fibers (40, 43). After reduction 
of the pulpal blood flow by periapical adrenaline injec- 
tions they maintain their functional capacity better than 
A-fibers (35), where the impulse conduction is blocked, 
probably because of hypoxia in the pulp tissue. This 
means that during the progress of pulpitis, pulpal 
C-fibers may maintain their capability for nerve impulse 
conduction longer than A-fibers. In fact, they can become 
even more active in the advanced stages of pulpal inflam- 
mation owing to their susceptibility to inflammatory 
mediators and lowered pH (21). The functional proper- 
ties of the two pulp nerve fiber groups may explain the 
changes in the quality of pain symptoms during pulpitis: 
from rather sharp or shooting and quite well localized, to 
dull and lingering. Thus, the type and duration of symp- 
toms in patients with pulpal inflammation are of diag- 
nostic value and may give some indication of the pulp's 
condition. However, it must be underlined again that 
the correlation between the symptoms and histopatho- 
logical changes in pulpitis is poor and determination of 
the type and extent of the inflammatory changes on the 
basis of the symptomology is inaccurate. 
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Chapter 4 

Treatment of vital pulp conditions 

Preben Horsted-Bindslev and Gunnar Bergenholtz 



Introduction 

A multitude of harmful elements, alone or in combina- 
tion, may cause adverse reactions in the dental pulp 
under clinical conditions (Fig. 4.1; see also Chapter 2). 
If not properly managed they may result in: 

• painful pulpitis; 

• pulp tissue breakdown (pulp necrosis); 

• root canal infection, leading to periapical inflamma- 
tory lesion (apical periodontitis). 

These effects are the result of inflammation and associat- 
ed tissue destruction. Tissue destruction per se is a basic 
feature of inflammation in general and is a means by 
which the host carries out an effective defense against 
foreign matter, including bacteria and bacterial elements. 
However, as far as the pulp is concerned it can be devas- 
tating and result in total breakdown of the tissue. 

Caries / trauma / iatrogenic injury 




Fig. 4.1 Adverse pulpal reactions to caries, trauma or iatrogenic injury. 



Infection and inflammation in the periapical tissue 
(see Chapter 7) frequently follow such an event, termed 
pulp necrosis. Vital pulp therapy involves clinical proce- 
dures aimed at: 

• relieving painful symptoms of pulpitis; 

• preventing the development of a destructive course 
of pulpal inflammation and subsequent infection of 
the root canal space. 

In this chapter the rationales for the clinical procedures 
employed and the techniques and the materials applied 
to attain these objectives are described. 



Clinical scenarios 

Any direct exposure of the pulp to the oral environment 
involves the risk of destructive inflammatory breakdown 
(Fig. 4.2). It should be noted that a pulpal wound has little 
self-healing capacity unless properly treated. In contrast 
to the skin and mucosal tissues, where cuts or wounds 
normally heal within a short period of time, the pulp has 
no epithelia that can bridge the defect. This means that 
even a small exposure may present the bacterial flora of 
the oral cavity with the potential to cause a destructive 
and irreversible (non-healing) inflammatory condition. 

Exposure of the pulp may result from caries, fracture, 
crack and inadvertent deep cavity and crown prepara- 
tion. Although caries progresses at a fairly slow pace, the 
other injuries cause a sudden and immediate exposure 
of the tissue. This is significant from a therapeutic point 
of view. For example, after a longstanding exposure to 
caries the pulp may already be in a compromised state 
such that healing and repair are not possible, making it 
necessary for radical removal. On the other hand, on a 
recent fracture or deep cavity and crown preparation, a 
fairly healthy pulpal tissue is often challenged and the 
potential for a conservative tissue-saving procedure is 
more promising. This is especially true if the injury is 
treated without delay. If an exposure by crack, fracture 
or deep cavity is left untreated or undiagnosed, an acute 
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Fig. 4.2 Examples of clinical conditions 
requiring vital pulp therapy: (a) pulpal tissue 
directly exposed during excavation of caries; 

(b) pulpal tissue directly exposed by trauma; 

(c) non-exposed pulp but tooth presents with 
pain and there is a crack line on the lingual 
surface; (d) following removal of the filling, 
the crack continues through the pulpal wall. 



inflammatory reaction ensues, which may result in a 
non-healing lesion. 

Pulpal inflammatory lesions of a destructive nature 
may also appear without direct exposure of the tissue to 
the oral environment. Such cases can be seen in conjunc- 
tion with a restorative treatment, which often is carried 
out within a fairly short period of time (weeks, months) 
prior to the onset of the symptoms. The cause may be 
related to the injury induced in the pulp by the restor- 
ative procedure and leakage of bacterial elements 
through gaps along the margins of the restoration (see 
Chapter 2). 

Inflammatory changes of the pulp may occur with or 
without pain. The pain symptoms vary and, in their end 
stages, prior to pulpal breakdown, can be excruciating, 
requiring immediate attention. Symptoms suggestive of 
a more or less severe pulpal inflammatory involvement 
are summarized in Core concept 4.1. 



« 



Core concept 4.1 



Pain symptoms commonly 
associated with a pulpal 
inflammatory lesion 



Increased sensitivity elicited by exposure to cold drinks, food and 
air or touch of an exposed dentin surface may be early signs of 
pulpal inflammation. These symptoms are usually not suggestive 
of an advanced lesion. In the context of a recent restorative or 
periodontal treatment, such symptoms may emerge shortly after 
the procedure but often subside along with recovery of the tissue. 
Short, intermittent periods of lingering pain (seconds to minutes) 
by exposure to cold drinks, food and air may be signs of a pulpal 
inflammatory lesion in progress. Nevertheless, such symptoms 
may prevail for long periods of time (months, years) without result- 
ing in pulp necrosis. 

Longstanding (hours) severe pain, spontaneous or intermittently 
provoked by external stimuli, including hot food and drinks, is an 
alarming sign suggestive of an irreversible (non-healing) pulp 
condition. 



Treatment options 

In cases where the pulp has become directly exposed to 
the oral environment, the clinician may consider one of 
two treatment strategies. One approach is conservative 
and aims to preserve the pulp and re-establish non-pain- 
ful and healthy conditions in the long term (Figs 4.3 and 
4.4). The other is a procedure whereby the entire tissue is 
radically removed and replaced with a root canal filling 
(Fig. 4.5). 



Prior to a definitive treatment, a preoperative emer- 
gency treatment may have to be carried out. Such a treat- 
ment is usually called for to alleviate a severely painful 
tooth or to maintain an accidental pulpal exposure. 

Vital pulp treatments include: 

• Stepwise excavation, which refers to a procedure 
whereby caries is excavated in a stepwise fashion in 
order to prevent iatrogenic pulpal exposure. This 
procedure may be used in situations of deep caries 
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Fig. 4.3 (a) Clinical photograph of a pulp exposed to the oral cavity following a crown fracture by trau- 
ma. Pulp has been exposed for approximately 1 day. (b) The superficial portion of the pulp has been 
removed to prepare the site for a partial pulpotomy procedure. 



Fig. 4.4 Pulpotomy is a partial removal of pulpal tissue, also 
termed pulp amputation, (a) The tissue is normally cut level with the 
root canal orifices in two- and multirooted teeth. In teeth with one 
root canal, tissue may be removed to the level of the cementoenamel 
junction, (b-d) Radiographs of a treated upper incisor: (b) coronal 
fracture in tooth 1 1 with incomplete root formation; (c) deposit of 
calcium hydroxide after removal of coronal pulp; (d) root filling after 
completion of the root. In general, the pulpotomized tooth is fol- 
lowed radiographically and a root filling is not normally required. 
(Courtesy of Dr M. Cvek.) 
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(a) 

Fig. 4.5 Radiographs showing: (a) an instrument in the root canal of an 
upper canine in conjunction with a pulpectomy procedure; (b) the instrumented 
canal that has been filled. 



without signs of irreversible inflammatory changes in 
the pulp (see Chapter 5). 

Indirect pulp capping is a term used for a procedure 
where residual caries is permanently left in the cavity 
(see Chapter 5). 

Direct pulp capping/partial pulpotomy. These procedures 
are aimed at maintaining the pulp after it has become 
exposed to the oral environment (Fig. 4.3a). The open 
exposure is sealed off by the use of an appropriate 
wound dressing. The purpose of the seal is to prevent 
access of bacterial organisms in the oral cavity and to 
promote soft-tissue healing and hard-tissue repair of 
the exposed area. In pulp capping there is no removal 
of pulpal tissue, whereas in a partial pulpotomy some 
pulpal tissue is removed at the exposure site to a 
depth of ca. 1-2 mm (Fig. 4.3b). This measure is car- 
ried out to clean the wound of infected tissue and to 
prepare a space for the wound dressing so that it can 
be applied securely (for a detailed description of the 
technique, see further below and Chapter 5). 
Pulpotomy is a term used for partial removal of dis- 
eased pulp tissue. The procedure is often carried out 
in teeth with incomplete root formation, and for this 
reason pulpectomy cannot be performed. Pulp is 
normally cut level with the canal orifices in two- and 
multirooted teeth and to the level of the cemento- 
enamel junction in teeth with a single root canal 
(Fig. 4.4). The remaining pulp tissue is covered with 
wound dressing. The aim of this procedure is to 
maintain the pulp of the root portion vital and func- 
tioning so that root development can be completed 
(see also Chapter 5). The term apexogenesis is some- 
times used for this procedure. In fully developed 
teeth, pulpotomy is often carried out as a temporary 
measure on an emergency basis until time is available 
for pulpectomy. 

Pulpectomy is an invasive procedure where the pulp 
tissue is removed until 1-2 mm from the anatomical 



apex by root canal instruments and subsequently 
replaced with a root filling (Fig. 4.5). A more detailed 
description of this treatment is given below. 



Factors influencing choice of treatment 

It is a most difficult task for a clinician to advocate the 
proper treatment when a pulp is exposed or when clini- 
cal signs and symptoms suggest inflammatory involve- 
ment. A conservative measure saves effort, time and 
money, whereas a pulpectomy, especially in the posterior 
tooth region, is often a technically demanding and time- 
consuming procedure. This is why direct pulp capping 
has enjoyed some popularity over the years for the 
management of pulp exposures: it is non-invasive, easy 
to carry out and normally does not require an elaborate 
dental restoration afterwards. Nevertheless, a pulpecto- 
my is the treatment of choice when the prognosis for 
pulpal survival is deemed questionable. If the pulp is 
assumed to be in an irreversible condition, a pulpectomy 
is always to be preferred in a fully developed tooth. The 
treatment is predictable and eliminates the risk for 
subsequent inflammatory breakdown of the tissue and 
associated infections and painful events. If a tooth is 
incompletely developed, pulpectomy is precarious and 
pulpotomy serves as the alternative treatment (Fig. 4.4; 
Core concept 4.2). 

In young individuals with incompletely developed 
roots, preservation of as much pulp tissue as possible is 
essential. This allows for continued development of the 
tooth structure. A pulpectomy, by eliminating the soft 
tissue of the pulp, prevents further growth and leaves a 
weakened tooth that is vulnerable to fracture. Cvek (19) 
reported that there is a close linear relationship between 
the degree of root closure in teeth where the pulp is lost 

Core concept 4.2 Treatment options for pulpal 
exposure 




^ Direct pulp capping 
-► Pulpotomy 
-► Pulpectomy 



Treatment options for painful conditions 
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and the rate of intra-alveolar fracture over time. In very 
immature roots the frequency of fracture was as high as 
80% within 3-4 years after root canal therapy. 

Pulpectomy not only eliminates the pulp but requires 
the sacrifice of hard tissue as well. Often the loss has to 
be larger than that initiated by the injury itself. This is 
because the treatment requires access to the root canal 
system and sufficient removal of the canal walls to allow 
proper filling. Inevitably this will reduce the resistance of 
the tooth to fracture by mastication forces (74). It also 
means that after completion of the procedure a rather 
extensive restoration is needed (see Chapter 19). 

In conclusion, the time, effort, sacrifice of tooth struc- 
ture and costs for a pulpectomy are greater than those 
for a pulp capping or partial pulpotomy procedure. Yet, 
critical to the choice of therapy is how the case presents 
itself and how that is deemed to affect the potential for 
pulpal survival upon a conservative tissue-saving mea- 
sure. Therefore, the decision to carry out an invasive 
procedure or not must be based on a careful analysis of 
the clinical information that can be gained from the 
disease history and clinical examination of the patient. 

Assessment of the preoperative condition of 
the pulp 

Diagnostic criteria of an irreversibly injured pulp are by 
no means clear-cut. In fact, there are no objective means 
available, at present, by which the true condition of the 
pulp can be decided by, for example, a blood or tissue 
sample. Two conditions are used to guide the clinician: 

1. The presence and character of painful symptoms. 

2. The presence and type of pulp exposure. 

Core concept 4.1 summarizes the typical pain symptoms 
associated with pulpal inflammation. Although lingering 
pain, provoked by external stimuli, is often used to sug- 
gest an irreversible condition, studies have failed to find 
a strong correlation of such a symptom complex with the 
true condition of the pulp (6, 75). In these studies pulps 
were examined histologically after recording pain history 
and extraction of the teeth. It was found that report of 
severe pain was not necessarily associated with an 
advanced inflammatory breakdown of the pulp, and 
vice versa. Hence, a rather severe pulp condition could 
have appeared without being accompanied by pain. 
Conversely, severe pulpal pain was sometimes present 
on rather modest tissue changes. Consequently, compar- 
ative studies have shown pain to be a rather weak pre- 
dictor of the condition of the pulp, whether reversibly or 
irreversibly inflamed. 

Nevertheless, the existence of a history of pain and the 
character of the pain presentation are crucial clinical 
manifestations because the mere presence of pain 
prompts a therapeutic decision. If combined with deep 






Key literature 4.1 



In his classical clinical study Nyborg (56) prospectively followed a 
series of 225 cases that had been pulp capped due to exposure in 
conjunction with excavation of caries. The follow-up period varied 
from 10 months to 13 years. At recalls, teeth were examined both 
clinically and radiographically for evidence of pulpal breakdown 
(painful symptoms and/or signs of apical periodontitis). Eighty-one 
teeth were assessed histologically. Of the teeth that were asymptom- 
atic at the time of treatment, the success rate was substantially higher 
(85%) than if patients had experienced pain prior to capping. Of the 
latter category, only 9 of 20 teeth were deemed to have a healthy 
pulp at the final follow-up. The study revealed that many teeth that 
were clinically without signs of pulpal pathology displayed severe 






inflammatory changes on histological examination. 






caries, cracked tooth, fracture or recent restorative proce- 
dure, a progressing inflammatory lesion may be immi- 
nent and an invasive therapy by pulpectomy would be 
required. This view is supported by the observation 
that pulp capping of carious exposures was less success- 
ful in patients displaying painful symptoms than in 
patients without pain at the time of treatment (56) (Key 
literature 4.1). 

A typical scenario suggestive of a progressing inflam- 
matory condition of the pulp is when a tooth first 
becomes increasingly more sensitive to cold air or cold 
drinks and food products, which subsequently turns into 
shorter or longer periods of lingering pain elicited by the 
same stimuli. The intermittent character of the pain 
experience is a truly characteristic feature and helps in 
the differential diagnosis from other painful conditions 
(see also Chapters 3 and 14). In the most severe cases, 
excruciating pain may linger for hours. Pain may occur 
spontaneously or be provoked by hot or cold drinks and 
food. In the end stages, prior to complete breakdown of 
the pulp, patients may find that cold water alleviates the 
symptoms. The report of severe pain may be the only 
presenting symptom. Tenderness to percussion of the 
offending tooth and even of the neighboring teeth may 
or may not be observed in the final stages of pulpal 
inflammation. 

Pulpal inflammatory lesions may cause the radio- 
graphic presentation of loss of lamina dura, small peri- 
apical radiolucency and/or periapical sclerosis (Fig. 4.6). 
These findings in themselves are not necessarily indica- 
tive of an irreversible condition but can be helpful in 
identifying the offending tooth in a painful case. 

In conclusion, clinical and radiographic signs are less 
than decisive diagnostic measures to determine the 
spread of pulpal inflammation in a given case, and yet 
they are the only signs currently available for diagnosis 
in clinical practice. The decision to carry out an invasive 
procedure often has to be taken on the basis of the 
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Fig. 4.6 Radiograph showing extensive caries in the crown of tooth 36. 
Although inflamed, the pulp is still vital and functioning. Apically there are 
widened periodontal membrane spaces at both roots and bone sclerosis is 
associated with the mesial root. 



existence and the character of the pain symptoms (Core 
concept 4.3). 



Management of exposed pulps by direct 
pulp capping/partial pulpotomy 

Objective 

Pulp capping and partial pulpotomy are procedures to 
consider when there is no history of lingering pain to 
external stimuli and when the pulp has been: 

• accidentally exposed to the oral environment by cav- 
ity preparation and traumatic injury; 

• exposed in conjunction with excavation of caries or 
hemisection in periodontal therapy. 



Core concept 4.3 



A pulpectomy procedure should be carried out when a pulpal con- 
dition is deemed irreversible. 

A pulp capping/partial pulpotomy procedure may be carried out 
when an exposed pulp is healthy or deemed reversibly inflamed. 
Under clinical conditions the cut-off point between irreversibly 
inflamed and reversibly inflamed is often hard to identify. 

Cut-off point for pulpectomy 



Pulpal 
condition 



Ultimately the procedures aim to preserve the vital func- 
tions of the pulp. Although not necessary for a successful 
outcome, it is considered advantageous that wound 
healing results in hard-tissue repair of the open exposure 
to enhance pulpal protection from secondary harmful 
events (Fig. 4.7). 

Historical perspectives 

In 1883 Hunter (37) claimed that "Even though the pulp 
may be suppurating and the pus welling up in volumes, 
I shall save it" and he pressed a mixture of sparrow drop- 
pings onto the exposed pulp and achieved success "fully 
equal to 98 per cent". 

Since Hunter so drastically introduced pulp capping, 
the treatment procedure has been vigorously disputed 
in the dental profession and is still a matter of controver- 
sy. The discussion often has been polarized, both as to 
when to do it, if at all, and as to what capping material 
should be preferred (10). The radicals have claimed that 
the long-term outcome of the treatment is unpredictable 
and is doomed to failure, therefore the more invasive 
pulpotomy or pulpectomy must be carried out when the 
pulp is exposed. The conservatives, on the other hand, 
hold that success can be achieved, even in teeth follow- 
ing large and longstanding carious exposures; they 
contend that pulp capping/partial pulpotomy is indeed 
worthwhile because if it fails then root canal therapy can 
be carried out. 

The reason for the dispute has been the de facto uncer- 
tainty, already described, about the preoperative and 
postoperative diagnosis of the pulpal condition. Both are 
due to insufficient clinical measures to evaluate the true 
status of the pulp. Because major inflammatory changes 
may be present without concomitant clinical symptoms, 
a pulp-capped tooth may survive for years without 
presenting clinical symptoms, even though there is 
extensive inflammatory breakdown (51, 56) (see also Key 
literature 4.2). A further reason has been a mediocre 
understanding of the healing potential of the pulp. 
Inflammation in the pulp is a dynamic process and for 



Key literature 4.2 



Healthy 



Reversibly 
inflamed 



Irreversibly 
inflamed 



Cvek (1 6) followed a series of 60 young teeth that were treated with 
partial pulpotomy subsequent to pulp exposure by trauma for up to 5 
years. Fifty-eight (97%) cappings were deemed successful, i.e. teeth 
were comfortable and without clinical or radiographic signs of necro- 
sis and root canal infection. A further indication of preserved pulp 
vitality was completion of root development in teeth with incomplete 
root closure. In the study there was no difference in success rate, 
regardless of the time the pulp had been exposed to the oral environ- 
ment (some teeth had received treatment first after several weeks), 
the size of exposure or the stage of root closure. 
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Fig. 4.7 Direct pulp capping: (a) exposure to the pulp in a molar of an 
8-year-old boy following excavation of deep caries; (b) radiograph taken 
immediately post-treatment following capping of the wound site with calcium 
hydroxide. Note the incomplete closure of the roots; (c) hard-tissue repair of 
the exposure site seen following a re-entry 1 year and 7 months after treat- 
ment; (d) radiograph taken 7 years after treatment showing complete root 
closure and normal periapical structures indicating a successful outcome of the 
treatment (courtesy of Dr D. Ricucci); (e) histological section showing hard-tis- 
sue formation 90 days following experimental pulp capping with a 
calcium hydroxide cement. Pulpal tissue has a normal appearance. 
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previously unaffected pulp that is housed in a large pulp 
chamber, especially in the young patient, the healing 
potential is substantial. Even after exposure to the oral 
environment for a period of time, healing is possible (16). 
Contrary to previous beliefs, inflammatory changes in 
one part of the pulp will not inevitably lead to pulp 
necrosis and may heal if the proper measures are taken 
to sustain and optimize the healing potential. 



sures. This finding is in accordance with the 93% success 
rate after 2 years reported for direct capping or partial 
pulpotomy carried out in carious molars of children and 
teenagers (11, 23, 50, 66, 88). Yet, others have reported 
very bleak results of capping caries exposures. In one 
study only 37% of the treated pulps had survived at 
the 5-year check-up and as little as 13% survived for 
10 years (5). 



Factors of importance for a successful outcome Age 



As indicated above, healing and repair of an exposed 
pulp depend initially on the preoperative condition of 
the tissue. Consequently, if inflammation has reached an 
irreversible state, no treatment can remedy the condition 
and a failure will show up as pulp necrosis. This may or 
may not be preceded by painful events. Factors recog- 
nized as important for the long-term survival of the pulp 
to capping/partial pulpotomy are discussed below. 

Type of injury 

An accidental pulp exposure through intact dentin 
occurring during cavity and crown preparation has the 
greatest potential for a successful outcome. In this situa- 
tion the pulp may be healthy and the bacterial contami- 
nation limited, therefore the immediate condition for 
healing is optimal. 

In a traumatic injury, where the pulp has been exposed 
by a blow or fall, the healing conditions are favorable 
even though the wound may have been exposed to the 
oral environment for a period of time. Both clinical 
observations and experimental studies in animals (12, 16, 
17, 35) have demonstrated that bacterial contamination 
of the wound site over a short period is negligible (Key 
literature 4.2). Following proper disinfection and debride- 
ment, healing and hard-tissue repair are possible in such 
cases (16, 26, 50). 

In exposures by caries, on the other hand, there may 
be a massive penetration of bacterial organisms to the 
tissue. This has usually resulted in a localized acute 
inflammation of the pulp, often as an abscess (see 
Chapter 2). The healing potential of such lesions is there- 
fore unpredictable. The procedure of caries excavation, 
in addition, may exacerbate the lesion by forcing infected 
dentin chips into the wound. Nevertheless, capping of 
carious exposures may occasionally be considered if 
symptoms of pulpitis are absent. It is generally agreed 
that the most favorable prognosis exists when perfora- 
tion is made during the very final excavation of the 
deepest part of the carious lesion and when there is only 
a small exposure. On such careful case selections an 
overall 5-year survival rate of 80% was found in 510 cases 
analyzed by Horsted et al. (40) and there was no differ- 
ence in outcome between carious and non-carious expo- 



Although not consistently observed (5, 7), it seems 
reasonable that the prognosis for capping and partial 
pulpotomy would be better in young than in old indi- 
viduals (40, 88). The fact that the pulp of young teeth is 
rich in cells and blood vessels makes it prone to react 
favorably to microbiological and traumatic challenges. 
On the other hand, in an aged tooth and/or tooth exposed 
to previous injury the pulp is often poor in cells, fiber- 
rich and partly mineralized. Therefore it is likely to be 
more vulnerable and less able to survive a capping 
procedure. The size of the pulpal space in an old tooth is 
also much smaller, thus providing a greater risk for 
pulpal breakdown upon destructive stimuli (8). In the 
study by Horsted et al. (40), pulpal survival 5 years after 
pulp capping was 70% for 50-80-year-olds but 85% for 
30-50-year-olds and 92% for 10-30-year-olds. 

Size and location of the pulp exposure 

It was long held that cappings should be considered only 
when there is exposure of an occlusal or incisal portion 
of the pulp, because capping of a more cervical exposure 
was thought to be less successful owing to possible circu- 
latory disturbances and necrosis of the coronally located 
portion of the tissue. Later, it was shown that cervical 
exposures may heal without compromising the rest of 
the pulp provided that a gentle treatment procedure is 
applied (12, 13, 62). 

The high success rate in clinical and radiographic fol- 
low-up studies after partial pulpotomy (16, 26, 50) has 
further put to question the relevance of exposure size as 
a significant parameter. It was once believed that cap- 
pings should be reserved only for pinpoint exposures. 
Current knowledge suggests that the total volume of the 
pulp tissue in relation to the size of the exposure is more 
pertinent. 

Clinical procedure 

The procedure of pulp capping/partial pulpotomy is 
simple. Success essentially depends on the extent to 
which the wound site can be maintained free of infection 
in both the short and the long term (Clinical procedure 
4.1). 
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Clinical procedure 4.1 Pulp capping 



j 



(D 



(2) 



(3) 

(4) 

(5) 
(6) 
(7) 



Remove any blood clot with a sharp excavator in the case of 

timelag between exposure and treatment. 

Establish hemostasis by applying gentle pressure on the wound 

with a cotton pellet moistened with chlorhexidine, sterile saline 

or analgesic solution. Renew the cotton pellet if necessary and 

wait for complete hemostasis. 

Gently apply capping material to the wound without firm 

pressure. 

Cover the wound dressing with a hard-setting cement such as a 

glass ionomer cement. 

Restore and seal the cavity with a restoration. 

After 1 week, evaluate the presence or absence of symptoms. 

After 6 months, evaluate: 

• symptoms 
reactions to thermal stimuli - absent, short, prolonged 
sensitivity to electric pulp testing - positive/negative 
periapical radiographic changes 
radiographically verified 'bridge' formation. 

Based on the findings, continue recalls or do root canal 
treatment. 
(8) Repeat (7) at yearly intervals. 




Pulp capping is regarded as appropriate for immedi- 
ate minor exposures, whereas partial pulpotomy is 
more apt for wounds that have been exposed to 
microbial challenges for a period of time, including major 
carious exposures. The recommendation is based on 
the results of experimental studies showing that after 
accidental exposure the infection remains superficial 
over the first 24 hours (12, 17, 36). Over longer periods, 
infection usually has involved deeper areas of the pulp 
and therefore partial pulpotomy is advisable in these 
situations. 

A partial pulpotomy offers the advantage that it 
removes the superficial and potentially infected layer of 
the pulp. Some surrounding dentin is removed as well, 
which creates a well-defined space for placement of the 
capping material (see Fig. 4.3b). The preparation should 
be carried out 1-2 mm deep with an end-cutting diamond 
bur in an air turbine under copious water irrigation in 
order to reduce the trauma on the tissue (see also Chapter 
5). The operation is normally simple in a traumatized 
incisor but more demanding in a molar where, owing to 
the generally large wound cavity, bleeding may be 
difficult to stop. 

A most critical step in pulp capping and pulpotomy 
procedures is to stop bleeding and to eliminate major 
blood clots prior to placement of the wound dressing. 
Blood clots serve as bacterial substrate and may support 
the growth of contaminating oral microorganisms. If 
bleeding cannot be controlled properly, pulpectomy 
should be carried out. Another important consideration 
is to apply a gentle technique to avoid dilaceration and 
displacement of capping material to the deep portions of 
the pulp (38) (Fig. 4.8). 

Integrity of the permanent restoration 

Results of clinical studies and experiments in laboratory 
animals suggest that the integrity of the permanent 
restoration is of vital importance for the successful out- 
come of these procedures (7, 13, 40, 56). Even though the 
wound dressing may enhance hard-tissue repair of the 
exposure, the hard tissue often becomes porous and 
allows bacterial organisms to penetrate if they gain access 
to it (Fig. 4.9). In their experimental study, Cox et ah (13) 
observed that inflammatory pulpal lesions were frequent 
underneath repaired wounds and that these lesions cor- 
related with the concomitant presence of bacteria in the 
newly formed hard tissue. The organisms conceivably 
originated from the oral environment after penetrating 
spaces at the margins of the permanent restoration. 
Deteriorating surface restoration leading to bacterial 
leakage is the likely reason for the increasing failure rate 
of pulp cappings observed in clinical follow-ups carried 
out over long periods of time (Fig. 4.10; Core concept 4.4) 
(5,40). 
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Fig. 4.8 Histological section of a pulpal exposure capped with calcium 
hydroxide cement. The capping material (c) has been pushed into the pulp, a 
major bleed occurred (b) and the incisal pulp tissue became necrotic (n). The 
treatment most likely failed because a gentle procedure was not used. 



Fig. 4.9 Microphotograph from an experimental study carried out by Cox 
etal. (13), showing an inflammatory lesion underneath hard-tissue repair 
13 months after pulp capping. The porous nature of the hard tissue being 
formed is obvious. 



Capping materials and healing patterns 

Calcium hydroxide 

Since the 1930s calcium hydroxide water slurry and com- 
mercial hard-set compounds based on calcium hydroxide 
have been the prime materials for conservative treatment 
of pulpal wounds by pulp capping or pulpotomy. 
Calcium hydroxide suspensions and pastes are charac- 



terized by their inherent high pH. When applied to an 
exposed pulp, calcium hydroxide water slurry (pH 12.5) 
cauterizes the tissue and causes superficial necrosis. Such 
a treatment is detrimental to the pulp but only to a minor 
extent. Indeed, experience has shown that, in compari- 
son with many other compounds, healing is predictable 
with this material (Fig. 4.11). It was even originally 
believed that the necrotic zone was a prerequisite for 
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Fig. 4.10 In a retrospective follow-up study of pulp cappings in 510 teeth by Horsted etal. (40) it was found that, although the overall survival rate at 5 years 
was as high as 82%, the number of surviving pulps declined over time. 
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Core concept 4.4 



In selecting cases for pulp capping/partial pulpotomy, consider the 
factual conditions that prevail, i.e. whether they act in favor of or 
against a successful outcome. 
Critical factors are: 

Age of patient 

Degree of hemostasis that can be obtained 

The potential to provide a permanent restoration of long-term 

integrity. 



hard-tissue repair to be organized. Later studies have 
demonstrated that this is not necessarily so and that 
hard-tissue repair can develop in a less alkaline environ- 
ment without a distinct zone of necrosis (24, 77, 80). 

Hard-tissue repair of pulpal wounds is not unique to 
calcium hydroxide but can occur with a number of other 
materials (14, 18) and with a variety of biologically active 
matrices and molecules (53, 61, 83). Although the position 
of calcium hydroxide is challenged by new both bioactive 
and non-biologic materials (see further below), calcium 
hydroxide, on the basis of solid clinical documentation, 
is still a material of choice. 




Fig. 4.1 1 Irregular hard-tissue repair of a pulp previously capped with calci- 
um hydroxide (-»). A crevice can be probed along the rim of the exposure, 
which may indicate that the hard tissue has been formed below a superficial 
layer of necrotic tissue. 



Wound healing patterns 

The sequence of events in the healing process following 
treatment of a pulpal wound has been described in 
numerous experimental studies in both humans and lab- 
oratory animals (24, 72, 87). In these studies healthy 
pulps were treated with calcium hydroxide as wound 
dressing: 

• One day after capping with a caustic material such as 
calcium hydroxide there will be a superficial layer of 
tissue necrosis and inflammatory cell infiltrates (72, 
87). At lower pH no necrosis develops and there will 
be only signs of bleeding and slight infiltrates of 
leukocytes (24). 

• During the first few days thereafter, blood clots 
are resolved and the tissue is in a process of 
reorganization. 

• The inflammatory reaction is gradually reduced and 
a collagen-rich matrix is formed in close relation to 
the necrotic zone or directly adjacent to the capping 
material. 

• In the following week, mineralization of the amor- 
phous tissue starts (Fig. 4.12). 




Fig. 4.12 Microphotographs from the study by Fitzgerald (24) showing tissue reorganization 5 days after capping of a healthy pulp in a monkey (a) 
displacement of dentin chips. Unless infected these chips do not impair but rather support the repair process and also become enclosed in it. Nine days 
ping, new odontoblasts have appeared at the wound site and started to lay down a mineralizing matrix (arrows in b). (Courtesy of Dr M. Fitzgerald.) 
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The first mineralized tissue that may form is irregular in 
nature and contains many cell inclusions. Subsequently 
a more dentin-like tissue with tubules is formed. 

Repair by hard tissue of a pulpal wound is a multi- 
factorial process involving a wide range of cells, extracel- 
lular molecules and physicochemical interactions (28, 
83). Although the exact mechanism by which hard- 
tissue repair of a pulpal exposure is initiated is not fully 
understood, it is clear that secondary odontoblasts are 
crucial in the process (45, 87) (see Chapter 2). These cells 
are recruited from ectomesenchymal cells (stem cells) 
located in the pulp. Following a series of DNA replica- 
tions, these cells migrate to the site of injury and differ- 
entiate into elongated and polarized odontoblast-like 
cells (25). 

The new hard tissue laid down will not necessarily be 
homogeneous. In fact, it will frequently contain cell 
inclusions and tunnel defects (13, 38), rendering it per- 
meable to bacteria and bacterial elements in the oral 
cavity (Fig. 4.9). For this reason the formed hard tissue is 
often less able than primary dentin to protect the pulp 
from such elements and there will always be a risk for 
pulpal infection from possible surface seal breakdown. 
"Dentin bridge", the often-used term for the hard-tissue 
repair process, is thus inaccurate. 

Other materials for capping 

Materials other than calcium hydroxide may also allow 
hard-tissue repair of pulpal wounds. This has given some 
strength to the theory that proper protection of the 
wound during the healing phase may be just as impor- 
tant as the choice of a specific capping material. 
Accordingly, dentin bonding systems have been advo- 
cated for direct pulp cappings because the formation of a 
hybrid layer and subsequent restoration with resin com- 
posite was believed to result in leakage-free restoratives. 
Some animal studies, primarily in non-human primates, 
have shown promising results with dentin formation 
covering the exposure site similar to the results with 
calcium hydroxide (15, 48). Histological studies in 
humans, however, have failed to confirm these findings 
and less or only sparse hard tissue was found after direct 
pulp capping with these materials compared with calci- 
um hydroxide (3, 21, 41, 63, 73). On the contrary, pulpal 
inflammation, foreign body reactions and necrosis have 
been reported despite absence of infection (2, 21, 29, 41). 
Because of degradation of the resin bond, adhesive res- 
torations are not leakage proof after some period in the 
oral cavity (20, 31). Therefore lack of hard-tissue repair of 
the exposure will allow a later infection of the pulp tis- 
sue. Even though the "bridge" may be permeable to 
some extent it gives better protection against a massive 
attack of microorganisms than no hard-tissue barrier. If 
bacterial leakage could be permanently prevented, hard- 



tissue formation at the exposure site would of course not 
be necessary. 

In a search for materials superior to calcium hydroxide 
in stimulation of the pulp tissue cells to form a more solid 
"bridge", interest has focused on the use of hydroxyapa- 
tite, tricalcium phosphate and mineral trioxide aggregate 
as potential capping materials (34, 64). However, if hard 
tissue subjacent to hydroxyapatite occurs, it has been 
described as irregular and incomplete and the use of 
tricalcium phosphate seems to be most effective if calcium 
hydroxide is added (44, 79). 

Mineral trioxide aggregate (MTA) has gained consid- 
erable interest in recent years (84). The material consists 
mainly of refined Portland cement with bismuth added 
for radiopacity. It sets slowly to a hard cement after 
mixing with water (see Chapter 12). The pH is compara- 
ble to the pH of calcium hydroxide and thus the wound 
healing events would be similar to those of calcium 
hydroxide (see above). There is mounting histological 
evidence in humans of a hard tissue producing effect 
similar or superior to that seen with calcium hydroxide 
(4, 43, 55). An advantage of this material in comparison 
with calcium hydroxide is that it sets hard and will not be 
readily dissolved in tissue fluid or saliva. Both materials 
have an initial bacteriocidal effect due to the high pH. 

A direct application of bioactive molecules significant 
for the terminal differentiation of odontoblasts has been 
proposed as an alternative way to achieve healing of 
pulpal wounds (70, 83) rather than the indirect effect of 
caustic materials such as calcium hydroxide and MTA. 
Although promising in animal experiments, considerable 
research and development will need to be carried out 
before bioactive molecules find clinical applications (9). 

In conclusion, solid experimental and clinical docu- 
mentation accumulated over many years supports the 
use of calcium hydroxide in pulp capping and pulpotomy 
procedures. Predictable repair and healing of pulpal 
wounds can be expected provided the treatment is 
undertaken on the basis of careful case selection and by 
the use of a proper technique (see Core concept 4.4). 

The increasing number of concurrent results with 
MTA suggests that this cement may overtake calcium 
hydroxide as the preferred material for pulp capping 
and partial pulpotomy. It is not unreasonable to assume 
that both these non-biological agents will be replaced in 
the future by methods which aim not only to preserve 
the pulp but also to stimulate pulp-dentin regeneration. 
However, much developmental work has yet to be con- 
ducted before stem cells and bioactive proteins, for 
example, find clinical application. 

Postoperative recall 

Because of the inherent risk for pulp infection and 
necrosis, direct pulp capping/partial pulpotomy should 
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be followed up clinically and radiographically. The post- 
operative control can be seen as a two-phase procedure: 
the initial phase entails an evaluation of whether healing 
and asymptomatic conditions have been attained; and 
the subsequent phase refers to the continued follow-up 
on a yearly basis. The latter is prompted by the prevail- 
ing risk of pulp necrosis and subsequent root canal infec- 
tion that may occur several years after treatment. 

During the first weeks, minor sensations of spontane- 
ous pain of short duration may occur. Such symptoms 
are expected to disappear. However, if symptoms get 
worse, the development of an irreversible inflammatory 
condition is to be suspected and pulpotomy or pulpec- 
tomy should be considered. 

A 6-month recall is considered appropriate for the first 
follow-up. Then, if possible, cases should be followed up 
annually. Core concept 4.5 outlines the examinations to 
be undertaken. Treatment is considered successful if 
there is no history of spontaneous pain, a positive reac- 
tion to electrical pulp testing (EPT) and normal periapical 
structures in radiographs. Incompletely developed teeth 
showing continued root closure are also a positive sign 
of healing even if EPT is negative. Apposition of hard- 
tissue repair at the exposure site may or may not be seen 
radiographically. The restoration integrity should be 
checked for deficient margins, because marginal frac- 
tures or bulk fractures facilitate penetration of micro- 
organisms to the wound site. 



Pulpectomy 

Pulpectomy is primarily carried out to prevent the devel- 
opment of a destructive course of pulpal inflammation, 
which may result in root canal infection and associated 
painful events (Fig. 4.13). This means that pulpectomy 
may be considered in any permanent tooth where there 
are clinical signs indicating irreversible inflammatory 
changes in the pulp. A prerequisite is that root develop- 
ment is complete. Hence, the treatment may be per- 



Core concept 4.5 



Procedure for clinical follow-up of pulp capping/partial pulpotomy 
should include checks of: 

History of spontaneous pain or lingering pain on temperature 

change 

Reaction to electric pulp tester 

Status of the restoration 

Periapical condition 

Radiographic evidence of hard-tissue repair. 

Note that inflammatory changes and pulp necrosis may be present, 
despite hard-tissue formation, in an otherwise asymptomatic tooth. 



Common reasons for pulpectomy 

Painful pulpitis 
Pulp exposure 
Elective treatment in 

periodontal and 

prosthodontic therapy 




Fig. 4.1 3 Common reasons for pulpectomy. 



formed regardless of whether the tissue is directly 
exposed to the oral environment or not. Pulpectomy is 
also the treatment of choice for any direct exposure of 
the tissue, when the prognosis for direct pulp capping or 
partial pulpotomy is deemed questionable. Moreover, 
pulpectomy may be carried out following hemisection in 
periodontal therapy, and when retentive measures are 
needed in prosthodontic therapy. In these latter situa- 
tions, the treatment is elective, which means that it is not 
prompted by a disease condition of the tissue. 

Objective 

Pulpectomy seeks to establish a condition where the 
tooth, following completion of treatment and after a 
follow-up period, is without clinical and radiographic 
signs of root canal infection (Fig. 4.14). In addition, the 
filling of the canal should be of such a quality that bacte- 
ria and bacterial elements in the oral environment are 
unable to penetrate the pulpal chamber and cause a peri- 
apical inflammatory lesion. The expectation is that such 
a healing result lasts permanently and for the duration of 
the patient's life. This objective is clearly attainable pro- 
vided that treatment is carried out properly and with 
due consideration of the potential risk of bacterial con- 
tamination both during and after the procedure. It needs 
to be understood that although the treatment on many 
occasions involves removal of diseased and, to some 
extent, infected tissue, most of the tissue is not infected. 
This is particularly true for the apical portion of the pulp. 
An important objective of the treatment is therefore to 
maintain the sterile conditions of the root canal. 
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Fig. 4.14 Series of radiographs demonstrating a successful outcome of a pulpectomy in a lower molar: (a) deep caries mesially in tooth 36; (b) the final dense 
fill of the canal to proper length; (c) radiograph taken 4 years after completion of treatment. Tooth is asymptomatic and there are no radiographic signs of peri- 
apical inflammation indicating root canal infection. (Courtesy of Dr A. Gesi.) 



Critical procedural steps 

Pulpectomy involves three principal steps: 

1. Removal of the pulp tissue in its entirety. 

2. Shaping of the root canal. 

3. Filling the root canal space thus obtained. 

The tissue is removed by specially designed instruments 
that can be used to clean and widen the root canal space, 
both by hand and by rotary instrumentation. The vari- 
ous instruments and techniques are comprehensively 
described in Chapter 11 and will not be dealt with here. 
The technique for filling instrumented root canals is pre- 
sented in Chapter 13. 

In order to achieve a predictable and successful out- 
come of pulpectomy, the following critical measures are 
considered in some detail: 

• anesthesia; 

• aseptic technique; 

• access to and preparation of the root canal space; 

• location and management of the apical wound. 



Anesthesia 

Pulpectomy is a highly painful procedure that should 
not be carried out without proper anesthesia. Routine 
procedures, including local infiltration or regional blocks, 
are to be followed and are usually sufficient. However, 
pulp anesthesia sometimes fails and one may find that 
the tissue can still be very sensitive and cannot be touched 
without causing intense pain, even if the injection has 
been given properly. This complication is more common 
in mandibular posterior teeth than in maxillary teeth, 
where infiltration anesthetics normally are effective (65). 
It is a common clinical finding, especially in patients with 
painful pulpitis, that complete anesthesia can be difficult 
to achieve. Provided that the injection is given adequate- 
ly and at the proper dosages, several mechanisms can be 
held responsible: 

1. Afferent nerve fibers deriving from inflamed tissue 
sites may have changed resting potentials and low- 



ered excitability thresholds, which not only are 
restricted locally but extend throughout the affected 
nerve. Anesthetic agent is therefore unable to prevent 
total impulse transmission (52, 85). 

2. Patients under stress and anxiety have a lowered 
pain threshold. 

3. Accessory innervation, e.g. nervus mylohyoideus, 
may send branches to mandibular molars. The fre- 
quency has been estimated to be approximately 20% 
(78). ' 

In the case of insufficient pulp anesthesia, one or several 
supplementary measures may be undertaken: 

1. Repeat injection and wait another 5-10 min. 

2. If not effective, combine regional block anesthesia 
with infiltration. For example, on mandibular blocks 
combine with infiltration at the bottom of the mouth 
distally to the tooth, to numb a potential extra nerve 
supply of nervus mylohyoideus. The needle must be 
placed close to the mandibular cortex. Combine infil- 
tration of the maxillary incisor with a deposit deep 
into the nasopalatine duct to catch nerve branches. 

3. If still not effective, supplement with so-called peri- 
odontal ligament injection or intraosseous injection 
(Clinical procedure 4.2). 

4. As a final, desperate move one may be forced to give 
an injection directly into the pulp (intrapulpal injec- 
tion) (Clinical procedure 4.2). It is important that such 
a measure is carried out only in full compliance with 
the patient. In an apprehensive or severely anxious 
patient the procedure should be avoided. It is then 
advisable to postpone treatment and reschedule the 
patient with a prescription for premedication. 
Different regimens may be practiced, including a 
combination of oral administration of non-steroidal 
anti-inflammatory drugs and benzodiazipine in 
proper dosages. After treatment the patient should 
be accompanied. 

Formerly, when pain control could not be obtained in 
these extreme situations, pulpal devitalization was used. 
The procedure involved application of a highly tissue 
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Clinical procedure 4.2 



In the most headstrong cases where pulpal anesthesia is difficult to 
obtain, supplemental anesthesia of different modes may be 
attempted. 

Intraligamentary injection 

Place short needle in the gingival sulcus, mesial or distal to the 
tooth. 

Advance into the periodontal ligament until resistance is met. 
• Slowly inject 0.2 ml of anesthetic solution, which will penetrate the 
cancellous bone to the pulp. 

This technique should not be used in teeth with marginal 
periodontitis. 

Intraosseous injection 

Use infiltration anesthesia of soft tissue covering root apex and 
cortical bone. 

Perforate the periapical cortical bone with a solid needle driven by 
a contra-angle handpiece. 
Insert a short needle in the drilled canal. 
Inject 0.5 ml of non-vasopressor-containing, fast-penetrating anes- 
thetic, e.g. articain (49, 54). 

Intrapulpal injection 

Apply a cotton pellet saturated in anesthetic to the pulpal floor. 

Remove anesthetized dentin with a slow-speed handpiece. Repeat 

anesthesia of dentin if necessary. 

Make a small perforation of the pulp, aiming at a snug fit of the 

needle in the perforation. 

Inject 0.5 ml of anesthetic into the pulp under firm pressure. 

Repeat procedure, if necessary, for each root canal following 

removal of the coronal pulp. 
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toxic agent, e.g. formaldehyde, onto the exposed pulp. 
Such a material would fix the tissue and render it necrotic 
within 1 week. Thereupon an endodontic procedure 
could be carried out. This method is not used nowadays 
because of the strong risk of leakage along the temporary 
filling to the marginal periodontium, where serious 
tissue destruction can result (see Case study 1). 



Aseptic technique 

Asepsis relates to measures undertaken during surgical 
operations to prevent the access of extraneous micro- 
organisms to a given wound site. In endodontic thera- 
pies, including pulpectomy, potential sources of bacterial 
contamination of the pulpal chamber are from: 

• infected debris; 

• saliva and gingival exudate; 

• non-sterile instruments. 

Hence, asepsis in endodontics involves procedures 
aimed at controlling these sources of infection. 

Initially, prior to any attempt to enter root canals with 
instruments to extirpate the tissue, caries should be 
removed totally by careful excavation. Otherwise, there is 
an obvious risk that during canal instrumentation infected 
dentin is brought to the apical portion of the canal where 
it may induce and maintain an inflammatory lesion. 
Similarly, the tooth should be cleaned of any calculus and 
dental plaque. A defective filling is another source of 
bacterial contamination and should be eliminated and 
replaced before the initiation of treatment (Fig. 4.15). 

Proper asepsis in endodontics cannot be attained 
without the use of a rubber dam. Apart from providing 
an aseptic field of operation, a rubber dam facilitates the 
procedure and prevents instruments being dropped, 
which may be swallowed or aspirated into the lungs. 
Also, a rubber dam prevents leakage to the oral environ- 
ment of tissue-irritating medicaments used during the 
treatment. 

On intact teeth or teeth with only minor loss of tooth 
substance, a rubber dam normally can be applied with- 
out much effort. However, teeth with substantial sub- 
stance loss may require different build-ups, including 
the placement of orthodontic or copper bands. Other 
measures to optimize rubber dam application include 
gingivectomy and a crown-lengthening procedure. 

Following the placement of a rubber dam it should be 
tested for leakage. This is best done with hydrogen 
peroxide (30%), which is carefully applied to the margins 




Fig. 4.1 5 Proper isolation of a tooth with a rubber dam is an absolute prerequisite to obtain an aseptic field of operation, (a) Defective fillings should be elimi- 
nated and (b) replaced with, for example, a glass ionomer cement or any other restorative that can prevent leakage of saliva and gingival exudate to the root canal 
during the procedure, (c) Rubber dam and clamp. 
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Fig. 4.1 6 Clinical photographs showing rubber dam application 
on upper incisor: (a) proper clamp is tested; (b) swab with hydro- 
gen peroxide (30%) shows foaming action that needs attention 
(^); (c) disinfection with iodine tincture. 



of the rubber dam. Leakage of saliva or gingival exudate 
will show up as an intense foaming action (Fig. 4.16a, b). 

To control leakage, the dam may be tightened to the 
tooth structure by dental tape. The technique is to bring 
the tape through the tooth contacts and tie it underneath 
the clamp. Also, various forms of sealing agents may be 
used for the purpose of excluding oral fluid contamina- 
tion. Finally the dam, the tooth and the pulpal wound 
should be disinfected with either an iodine tincture solu- 
tion (5-10%) or chlorhexidine in alcohol (Fig. 4.16c). 

An important step in the aseptic chain is to use sterile 
instruments. Instruments for root canal preparation are 
best maintained in boxes, which can be autoclaved. 
During the operation, care should be exercised to avoid 
contamination of the part of the instrument that goes 
into the canal by, for example, finger touch or other non- 
sterile item. 

Access to and preparation of the root canal space 

Technically, pulpectomy can be quite a demanding 
microsurgical operation. This is particularly true in pos- 
terior, multirooted teeth, where proper access to the root 
canal system may be difficult to attain. Pulpectomy also 
may be difficult in narrow and severely curved root 
canals. Complications that may result include: 

• overlooked root canals; 

• incomplete elimination of pulpal tissue; 



• lateral and apical overinstrumentation; 

• incomplete filling of the root canal space. 

Procedural errors of this nature reduce the likelihood of 
a successful outcome if microbes are brought into the 
pulp chamber in conjunction with or after the procedure. 
Therefore proper access to all root canals and their thor- 
ough biomechanical instrumentation are critical. For a 
detailed account of the procedures associated with open- 
ing and instrumenting teeth for endodontic therapy, the 
reader is referred to Chapter 11. 

To be completed successfully, a pulpectomy also 
requires sufficient time. It must not be rushed because of 
the imminent risk of leaving tissue elements behind 
(Fig. 4.17). In other words, a pulpectomy should be com- 
pleted in one and the same sitting and the canal then be 
enlarged so that it can receive either a temporary or 
permanent root filling. 

Location and management of the apical wound 

Clinical, radiographic and histological studies have 
shown that containing instrumentation and root filling 
within 1-2 mm from the anatomical apex provide the 
best conditions for healing, while apical overinstrumen- 
tation and overfilling negatively affect the result (67). 
Radiographic follow-up studies have also shown that 
leaving more than about 3 mm of the apical pulp reduces 
the chance of successful outcome (46, 47). Several points 
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Fig. 4.17 It is important to recognize that non- 
instrumented tissue in overlooked canals and tissue 
remnants left on canal walls, in fins and in other canal 
irregularities, serve as potential sites for bacterial 
growth after pulpectomy. In addition, tissue remnants 
prevent the establishment of a proper root filling that 
can seal off the instrumented canal, (a) Demineralized 
section of upper incisor. Root filling material (rf) is 
seen occupying the left part of the canal, and a mud 
of dentinal shavings and tissue remnants in the right 
part. Some inflammatory cells are located in the 
residual pulp tissue, (b) Demineralized section of 
upper incisor. The root filling (rf) does not follow the 
main canal. Remnants of root filling material and 
pulpal tissue are present in a lateral canal (Ic). 
Inflammatory cells and dentinal shavings are seen lat- 
eral to the root filled main canal {<r-). 



are strong arguments for the view that pulpectomy 
should be performed slightly short of the anatomical 
apex: 

• The apical region of the root canal is reasonably well 
vascularized by virtue of its close relationship to the 
periapical tissue and to ramifications of the canal in 
the apical root structure. This provides sufficient con- 
ditions for healing, as opposed to a more coronal level 
of the root canal that is normally without collateral 
blood circulation (58). 

• As the pulpal tissue and dentin in the apical portion 
most often are not diseased or infected, removal of 
the tissue here and antimicrobial treatment are 
unnecessary. 

• Instrumentation through the apical foramen may 
damage the root structure to the extent that a proper 
seal of the apical portion of the canal is jeopardized. 
Often an overinstrumented canal results in overfill- 
ing and a poor seal, to the detriment of a successful 
outcome. Root filling materials, in addition, are not 
inert and overfilling may cause tissue injury, inflam- 
mation and foreign body reaction in the apical region 
(see Chapter 12). 

Consequently the apical wound level should ideally be 
placed slightly short of the apical foramen, where the 
canal is at its narrowest point. At this site many canals 
are almost circular and the wound surface can be kept to 
a minimum, leaving fair conditions for healing of the 
wound. This point is often termed the apical constriction 
(see Chapter 11). However, studies of the anatomy of the 
root apex have shown that the level of the apical con- 
striction varies, although it is most often within 1mm 
short of the apical foramen (22). In addition, the apical 



foramen often exists at a distance from the anatomical 
apex. These are further reasons to place the apical wound 
at a safety distance of about 1-2 mm from the anatomical 
apex. 

Placing an instrument in the canal to the assumed 
correct length and assessing the remaining distance to 
the anatomical apex in a radiograph determine the 
proper level. This procedure is termed working-length 
determination by the use of a trial file. Working-length 
determination can also be carried out electronically (see 
Chapter 11). 

Confining the wound level to a distance of 1-2 mm 
from the apex favors a shaping technique that is aimed at 
creating a step in the canal against which the root filling 
can be condensed. Accordingly, the chance of a tight fit 
between the filling and the canal walls increases, and the 
risk of overinstrumentation and displacement of the root 
filling material into the periapical tissue and bone 
decreases. 



Permanent or temporary root filling? 

Provided that the extirpation procedure can be complet- 
ed without complications, an immediate permanent 
canal filling is appropriate if there is sufficient time avail- 
able for the filling procedure (Key literature 4.3). If not, 
or if there is bleeding that is difficult to stop or concern 
about the technical outcome of the procedure in general, 
a temporary root filling is advocated. Leaving the canal 
unfilled is inappropriate because it may facilitate the 
growth of contaminating microorganisms. Calcium 
hydroxide is then the material of choice. The rationale 
for its use is that: 
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Key literature 4.3 
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In a randomized controlled clinical study by Gesi etal. (27) the out- 
come of pulpectomy following completion of the treatment in one 
session was compared with a two treatment session over 1 week 
employing calcium hydroxide as an intracanal dressing (27). The sub- 
jects (n = 256) were followed for up to 3 years and assessed for clini- 
cal as well as radiographic signs of emerging root canal infection. 
Failures of this nature were at a low rate (7%) and evenly distributed 
between the two treatment groups. Notable is also that postopera- 
tive pain, recorded 1 week after permanent filling, was significantly 
associated with overfilling with no difference between the treatment 
groups. The study confirmed that pulpectomy can be highly success- 
ful if attention is given to proper asepsis, careful instrumentation and 
adequate filling of the instrumented canal space. 



J 



• It fills up the canal space and prevents the multiplica- 
tion of any contaminating bacterial organisms. 

• It helps to stop bleeding. 

• It necrotizes any tissue remnants on the canal walls, 
which, upon a subsequent sitting, can be eliminated 
by instrumentation and the use of NaOCl irrigation 
(32). 

• It favors the formation of hard tissue at the apical end 
of the root canal and at any cut lateral canals (76) 
(Fig. 4.18). 

Wound healing after pulpectomy 

The healing pattern following pulpectomy is character- 
ized by an initial inflammatory reaction in the apical tis- 
sue due to the trauma induced by the cutting procedure. 
The residual pulp is often lacerated and may even be lost 
in the process (57). If, by accident, the root canal instru- 
ment has been pushed through the apical foramen dur- 
ing working-length determination or instrumentation of 
the canal, the apical termination of the preparation 
should still be confined to 1-2 mm from the anatomical 
apex to reduce the risk of periapical surplus of root filling 
material. In the absence of wound infection, reorganiza- 
tion soon occurs. This involves replacement of the injured 
tissue by connective tissue derived from the periapical 




region (39, 59). In the process, some internal or external 
root resorption may develop that is repaired later on 
(Key literature 4.4). 

Patients may experience some tenderness immediately 
following pulpectomy. These symptoms disappear in a 
few days' time, along with recovery of the apical tissue. 

Materials used to fill root canals may compromise the 
normal healing pattern, owing to their irritating capacity, 
and result in a longstanding inflammatory lesion. In 
particular, this is the case when root filling material is 
extruded into the residual pulp and the periapical tissue, 
or into uninstrumented apical ramifications (27, 68). 
Inflammatory cells accumulate close to the root filling 
material and remain for as long as toxic components are 
released. Eventually the material will be lined off by 
fibrous connective tissue. These lesions usually go on 
unnoticed without causing much discomfort to the 
patient. On overfills extending into the periapical tissue, 
a radiolucent area can sometimes be found to circum- 
scribe the material, thus reflecting the tissue irritation 
that is going on. The process of phagocytosis may elimi- 
nate the excess root filling material and occasionally also 
material inside the canal (see Chapter 12). Hence, the 
responses to root filling material may remain for years 
and prevent complete healing. A slight excess of root fill- 
ing material does not cause extensive lesions: a bacterial 
etiology should be suspected for more extensive lesions. 

It is not uncommon for dentin chips removed from 
the canal walls during instrumentation to be displaced 
into or packed against the residual pulp (Fig. 4.19). Unless 
infected, this is usually regarded as beneficial because 
dentin chips: 

• separate the root filling material from the apical 
tissue; 

• are instrumental in building up a hard-tissue barrier 
(81). 

It should be emphasized that neither the packed dentin 
chips nor the apposition of hard tissue onto displaced 
dentin chips is impermeable to bacteria and bacterial ele- 
ments (71), therefore further treatment, e.g. a later access 
to the canal to prepare for a post space, must be per- 
formed under aseptic conditions. 



Fig. 4.18 Microphotographs 
showing apical hard-tissue 
repair in tooth subjected to 
pulpectomy and filling with a 
calcium hydroxide-containing 
cement 3 months earlier, (b) 
High magnification shows 
hard-tissue formation in rela- 
tion to the root filling material 
(single arrow) and dentinal 
shavings (double arrow). 



Treatment of vital pulp conditions 



65 



Key literature 4.4 



In an experimental study, deliberate apical overinstrumentation was 
performed by Horsted and Nygaard-Ostby (39) in 20 maxillary inci- 
sors and canines scheduled for extraction. The pulps were clinically 
healthy. The apical pulp tissue was removed and the indicator file 
was taken through the apical foramen (a). 

To study the character of the subsequent tissue response, final 
shaping, filing and root filling were made substantially short of the 
radiographic foramen (b). After extracting the teeth 6-10 months 
later, histological examination revealed a cell-rich well-vascularized 
connective tissue within the apical part of the canal. This tissue bor- 
dered the root filling material and harbored only a few inflammatory 
cells. Hard tissue was deposited on the canal walls in areas of previ- 
ous internal root resorption (c). 

The authors concluded that unintentional removal of the entire 
vital pulp to the periodontal membrane does not necessitate subse- 
quent filling of the entire canal provided that strict asepsis is 
maintained during the treatment. Thus, if unintentional over- 
instrumentation is experienced, the root canal instrument should be 
withdrawn and further shaping and filing should be restricted to 
the original working length in order to facilitate a tight fit of the root 
filling and avoid surplus root filling material. The potential for revas- 
cularization and regeneration of tissue in the root canal system as 
demonstrated in this and other studies has recently gained renewed 
interest. Research is in progress to develop methods by which pulps 
in teeth with pulp necrosis can be regenerated (30, 53). 





Fig. 4.19 Dentin chips removed from the canal walls during instrumentation 
are packed against the apical pulp tissue. About 2 months following root filling 
there is a slight inflammatory reaction of the tissue close to the dentin chips 
and resorption of the canal walls (-»), but normal appearance of fibrous tissue 
and canal lumen further apically. 



Emergency treatment 

Emergency treatment is primarily carried out to give 
relief from painful symptoms. It may also be driven by 
an unforeseen complication that is not associated with 
pain but that requires temporary treatment until a defini- 
tive treatment can be conducted. As for teeth with vital 
pulps, emergency treatment may occur due to: 

• painful pulpitis; 

• pulp exposure because of caries, iatrogenic injury or 
trauma in an otherwise non-painful tooth; 

• mid-treatment or post-treatment pain subsequent to 
pulpectomy. 

Time often sets limits for what is possible to achieve. 
Time constraints may be due to unscheduled appoint- 
ments in between regularly scheduled patients in the 
clinic, or because a complication occurred at the end of a 
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scheduled treatment session. This means that an emer- 
gency treatment, by its very nature, is often a compro- 
mise. Nevertheless, the operation has to be carried out 
and should be directed to either alleviate or prevent the 
development of a painful condition or any other adverse 
sequelae. This part of the chapter describes procedures 
that may be undertaken to meet such objectives as far as 
the vital pulp is concerned. 

Painful pulpitis 

In an emergency situation one maybe faced with patients 
in different degrees of pain and thus of different urgency 
for treatment. Although severely discomforting to the 
patient, there may just be an enhanced sensitivity to 
thermal, osmotic and tactile stimuli, which disappears 
upon removal of the pain stimulus. In yet other cases the 
condition is severe and lingering and the urgency for 
treatment is high (see Core concept 4.1). 

Also, the cause may vary. Most often teeth in pain are 
associated with a deep carious lesion or restoration 
penetrating either to the vicinity of or straight to the 
pulp. There may also be a cracked or fractured tooth, 
where either large areas of dentin or a frank exposure of 
the pulp have emerged. Patients who fairly recently have 
been exposed to periodontal therapy may also present 
with episodic bursts of more or less lingering pain to 
external stimuli, indicating painful pulpitis. 

Identifying the offending tooth is an important 
primary task and yet it may represent a most demanding 
diagnostic challenge (see also Chapter 14). The primary 
reason is that symptoms other than the patient's report 
of pain are rarely present. This means that if there is not 
an overt deep carious lesion, which is the most common 
cause of painful pulpitis, the clinician may be faced with 
the dilemma of assessing which one of several teeth is 
affected (Case study 2). 

Management principles 

Patients with pulpal pain may require a pulpectomy 
procedure but this decision should be taken only after 
careful consideration of the causes and the extent to 
which the pain condition can be alleviated by a more 
conservative approach. Determining the urgency for one 
or another mode of treatment is further complicated by 
the fact that patients in pain are often under great stress 
and may feel fear and anxiety about the treatment (see 
Chapter 16); therefore a condition may appear more 
severe than it actually is and thus prompt a more inva- 
sive procedure than is needed. 

Cases where the pulp is not exposed and where the 
painful condition is about hypersensitivity or only short- 
lasting pain to external stimuli are especially amenable 
to a conservative, or wait and see, kind of treatment. A 



recent restorative procedure or recent periodontal thera- 
py are examples of these cases; the symptoms are often 
of a temporary nature and will disappear over a few 
weeks without active treatment. If symptoms are pro- 
nounced or have persisted for some time, removal of the 
restoration and replacement with a new or temporary 
restoration may take care of the problem. However, root 
exposure subsequent to periodontal therapy or tooth 
wear is not managed as easily and requires some form of 
therapeutic agent that can block the permeability of the 
involved dentinal tubules so that pain transmission via 
the hydrodynamic mechanism is not possible (see 
Chapter 3). 

The alpha and omega of emergency pain treatment is 
to listen very carefully to the story given by the patient 
before any intraoral examination and treatment. By 
spending sufficient time on listening and asking relevant 
questions many mistreatments may be avoided (see 
Chapter 14). 

In cases where the condition of the pulp is deemed to 
be of an irreversible nature, the first step in the emergen- 
cy treatment is to expose the pulp. If there is a carious 
lesion, all carious dentin should be excavated first. From 
then on several options are available, although time 
pressure often decides the choice of treatment. Several 
studies have indicated that pulpectomy with complete 
debridement of the root canals is the emergency treat- 
ment with the highest probability of pain relief (60, 82). 
Sufficient time is often not available to relieve pain in the 
acute patient by this procedure. An alternative faster 
treatment with a high rate of success is pulpotomy, 
where the coronal pulp is removed (33, 60) (Clinical pro- 
cedure 4.3). The fastest and simplest treatment, but the 
least predictable, is to cover the pulpal exposure with a 
cotton pellet and a temporary filling. Where pulp is 
exposed after caries removal in an asymptomatic tooth, 
the latter procedure is normally sufficient until the 
patient can be scheduled for pulpectomy. 



Clinical procedure 4.3 Emergency pulpotomy 
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(1) Prepare access opening to the pulp and remove the coronal pulp 
with a bur in an air-rotor. 

(2) Irrigate with copious amounts of 0.1% chlorhexidine or 0.5% 
NaOCI. 

(3) Control hemorrhage by pressure with sterile cotton pellets. In the 
case of profuse bleeding, soak pellets in 3% hydrogen peroxide 
or an aqueous mixture of Ca(0H) 2 . 

(4) Apply a small sterile cotton pellet to the pulpal wound at the 
canal orifices. 

(5) Restore access cavity with a temporary filling. 

(6) Perform pulpectomy as soon as possible. 
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Special considerations 

It was previously held that a sedative or antibacterial 
dressing, such as eugenol, camphorated phenol or ste- 
roids, was a necessary adjunct to obtain pain relief. 
Comparative studies have shown that there is no addi- 
tional effect from using agents of this nature over what is 
gained by the placement of a sterile dry cotton pellet (33, 
86). The cotton pellet also may be omitted because its 
function is merely to ease the location of the canal orifices 
at the next sitting upon removal of the temporary filling. 
If a pellet is placed it must be small to permit a 4-5 mm 
thick layer of temporary filling material (e.g. zinc oxide- 
eugenol cement) to prevent bacterial leakage and infec- 
tion of the pulp between sessions. 

Although pulpectomy has shown the highest success 
rate of pain relief, pulpotomy has given total or partial 
pain relief in about 95% of cases in clinical follow-ups 
(42, 60). In situations where pain relief is not accom- 
plished by pulpotomy, pulpectomy should be performed 
and the patient should be made aware that some postop- 
erative tenderness or a slight dull pain in the affected 
region is to be expected for a couple of days after the 
emergency procedure. If severe pain continues, the 
patient should be advised to call and ask for a new 
appointment. 



Pulp exposure by trauma or caries in a 
non-painful tooth 

In the case of pulp exposure of an asymptomatic pulp by 
trauma or caries, direct pulp capping or partial pulpotomy 
may be considered. Either treatment should be given as 
soon as possible following injury and then a permanent 
filling to preclude bacterial contamination should be 
carried out. If proper conditions for capping or pulpotomy 
do not exist, then pulpectomy is the treatment of choice 
and may be scheduled for a later appointment. In this 
case pulpal exposure should be managed by a temporary 
dressing as described above. 



Mid-treatment or post-treatment emergency 

A painful condition may remain after emergency 
pulpectomy or arise following pulpectomy of an initially 
non-painful tooth. The latter condition is termed 
endodontic flare-up. The cause is likely to be of bacterial 
origin combined with an inadequate technical proce- 
dure. Contamination due to not applying a rubber dam, 
an unsatisfactory temporary restoration, displacement 
of carious dentin and bacterial plaque into the canal 
are key factors (1, 42, 69, 86). In combination with 
inappropriate intracanal medication, incomplete instru- 
mentation, non-instrumented canals and apical over- 






Core concept 4.6 
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Adherence to basic endodontic principles - including aseptic treat- 
ment, complete removal of accessible pulpal tissue and filling of 
canal to proper length - favors pain relief and precludes endodontic 
flare-ups. 



instrumentation, it is easy to comprehend that conditions 
for bacterial multiplication are created in the root canal 
system. It should be emphasized that complications of 
this nature should be rare and only occur at a low rate in 
a properly managed clinical practice (42, 82) (Core con- 
cept 4.6). Cracked tooth substance and traumatic occlu- 
sion are other factors to consider when examining 
patients for causes of an endodontic flare-up. 

In painful conditions after pulpectomy, the first step is 
to assess the need to carry out a re-entry procedure. This 
is particularly relevant if the tooth is already permanently 
filled. The condition is often self-healing and may be 
controlled simply by over-the-counter pain medication 
and a reduction of the functional cusps. If re-entry is 
deemed necessary, the endodontic procedure should 
follow the same strict routine as described above, which 
includes proper rubber dam application and disinfection. 
If necessary, the access opening should be adjusted to 
gain optimal entry to the root canal system. It is advanta- 
geous to enter without anesthesia for the control of any 
missed canals or incomplete removal of pulpal tissue. Of 
course, the control should be carried out with great care 
under gentle probing of potential canal orifices and root 
canals. Special notice should be given to the high fre- 
quency of maxillary molars with two mesial canals; the 
one that is most often missed is the mesiolingual canal. 
In lower molars the distal root may also harbor two 
canals. Copious irrigation and reinstrumentation of the 
canals should then follow, if necessary under local anes- 
thesia. On carrying out the procedure, ensure proper 
working length and temporize the canal with a dressing 
of calcium hydroxide. In order to secure a bacteria-tight 
temporary filling of sufficient strength, a mix of a zinc 
oxide-eugenol cement or similar compound should be 
applied over the calcium hydroxide dressing, followed 
by a surface seal of hard-setting cement. 

An endodontic flare-up may also be associated with 
an overfilled root canal. Normally, a small extrusion of 
root filling material does not cause more than slight 
tenderness, if at all, over a couple of days and subsides 
over the following days. If a severe pain condition has 
developed along with apical tenderness and some swell- 
ing, there is often a bacterial cause where, along with the 
root filling material, microorganisms have been pushed 
into the periodontal tissues. Gross overfills may by them- 
selves cause severe tissue responses due to a strong toxic 
effect. 
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A rare but severe complication is associated with root 
filling material being forced into the mandibular canal. 
This is especially true if a paraform-releasing paste has 
been used (see Chapter 12). In such instances the patient 



may be numb for a few days, which later may lead to a 
severe pain condition due to neuritis. Such a painful 
condition may last for weeks or months. 



Case study 1 

Sequelae following the use of toxic endodontic 
medicaments 

A patient appeared in the dental clinic with pain and 
swelling related to the first right mandibular molar, a 
reduced capability of opening the mouth and paresthe- 
sia of the right lower lip. Root canal treatment had been 
initiated by another dentist some time previously and 
paraform used as a deposit between sittings. The intra- 
oral examination revealed exposed cortical bone between 
the molar and the second premolar (a). Removal of a 
temporary filling in the molar released a strong smell of 
camphorated paramonochlorphenol from a cotton pellet 
and revealed devitalized pulp tissue and a mesial perfo- 
ration of the pulp chamber. 

The pulp chamber and the root canals were irrigated 
with copious amounts of sterile saline and the canals 
were further cleaned and shaped, followed by an intra- 



canal deposit of a calcium hydroxide suspension. 
Antibiotics were prescribed. 

Surgical removal of the necrotic tissue the following 
day revealed a mesial perforation of the molar (b). 

The swelling was resolved and the paresthesia was 
reduced after 1 week. 

One month later a bone sequestrum was removed and 
a deep periodontal pocket was probed mesially and in 
the furcation area (c, d), after which it was decided to 
extract the molar: (e) shows the mesial aspect of the 
extracted tooth, with perforation and apical remnants of 
the periodontal membrane. An implant was inserted 
later. 

The case emphasizes the problematic use of highly 
toxic endodontic medicaments, which under adverse 
circumstances may leach to the surrounding periodontal 
tissues, resulting in serious destruction. (Courtesy of 
Dr K. Brondum.) 
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Case study 2 

Pulpitis may be accompanied by severe painful symp- 
toms. While the cause is often a deep carious lesion, 
painful pulpitis may also follow pulp capping or restora- 
tion placed close to the pulp. Especially in a dentition 
that is fully and properly restored the offending tooth 
may be difficult to identify. The following case demon- 
strates the dilemma the clinician may be faced with in 
cases like this. 

The emergency patient, a 40-year-old woman, had 
suffered from excruciating pain over several days. The 
pain, which is typical in cases of painful pulpitis, varied 
from none to intense. Also suggestive of pulpitis was 
that the pain was poorly localized and was felt to vari- 
ably originate from the lower as well as from the upper 
jaw on the left hand side. Occasionally the symptoms 
radiated peripherally to involve the temporal region and 
the temporomandibular joint. There was, according to 
the patient, no clear association with intake of hot and 
cold drinks or food and provocation tests were inconclu- 
sive. Paracetamol gave relief, albeit only for a few hours. 

The patient, who had been a regular attendant to the 
clinic, was well restored and had no obvious carious 
lesion (a and b). Teeth 27 and 35 had received their resin- 
composite fillings 3 years and 2 years prior to the visit, 
respectively, while 26 had been restored just a few 
months earlier. Periodontal conditions were fair without 
any remarkable pocket probing depths around these 
teeth although there was some exposure of root dentin 
that gave highly sensitive responses to cold testing. 
Sensitivity to percussion or apical palpation was nega- 
tive. The root filled lower molar had no signs of apical 
periodontitis although the mesial root was filled some- 
what short. 



The patient had dental anxiety and refused local anes- 
thetic with epinephrine. Yet, selective anesthesia, nor- 
mally useful in cases like this, at least to confirm or 
exclude the location of the pain to one or the other jaw, 
was attempted. A prerequisite for this measure to be 
effective is that pain condition is more or less permanent, 
which was not quite the case. Nevertheless, a mandibu- 
lar block attaining lower left lip numbness had no effect 
suggesting location to one of the teeth in the upper, left 
jaw. A block near the fairly recently restored 26 gave no 
definitive clue pointing to 27, which in a bitewing radio- 
graph (c) displayed a restoration very close to pulp. 
Because of the inconclusive anesthetic test, it was elected 
to postpone emergency treatment for the risk of entering 
the wrong tooth. Three days later the patient was seen 
again after having been on analgesics. Tooth 27 was now 
severely percussion sensitive. Upon accessing the pulp, 
the causative tooth was confirmed by the finding of a 
partially necrotic pulp in this tooth. 
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Chapter 5 

Endodontics in primary teeth 

Ingegerd Mejare 



Introduction 

The need for endodontic treatment in primary teeth is 
usually related to caries in molars, with the main objec- 
tive being to maintain space in order to prevent crowd- 
ing of the permanent teeth. Normally, the most important 
time period is before the first permanent molars have 
reached occlusion. The special features of the primary 
molar, such as the complicated root anatomy and close 
relation to the permanent tooth germ and its restricted 
period of function, make the treatment principles some- 
what different from those of permanent teeth. These 
principles will be reviewed in this chapter. 



The normal pulp 

The histological appearance of the normal pulp in a pri- 
mary tooth is no different from that of the permanent 
tooth. Physiological aging occurs in both, although the 
time span during which this occurs is shorter in primary 
teeth. A common misunderstanding is that the primary 
tooth is not as sensible to pain as the permanent tooth 
and that operative treatment therefore would not require 
local anesthesia to the same extent. Even though it has 
been observed that the quantity of nerve fibers is smaller 
in the pulp of primary teeth (62), there is no proof that 
the primary tooth would not be equally sensible to pain. 
The only exception would be just before exfoliation, 
when the number of nerves within the pulp decreases. 



Pulpal inflammation in the primary tooth 

Even though there has been some controversy in the 
literature as to the capacity of the pulp of primary teeth 
to respond to caries by forming reparative dentin, several 
histological studies have demonstrated a frequent occur- 
rence of reparative dentin in primary molars with deep 
caries (33, 60, 63, 72). Magnusson and Sundell (42) found 
a significantly lower frequency of pulp exposure with a 
stepwise excavation procedure compared with direct 



complete excavation of deep caries in primary molars, 
suggesting that the pulp has good potential to produce 
reparative dentin. 

The morphology of the primary molar implies that the 
clinical symptoms of pulp tissue reactions to damage 
may differ from those of permanent teeth (Core concept 
5.1). Thus, owing to the relatively small distance from the 
coronal pulp floor to the bifurcation and the frequent 
presence of accessory canals through the pulpal floor, 
pulpal inflammation by caries in primary molars more 
often results in pathological changes in the interradicular 
area. Fistula and abscesses due to pulp infection also are 
seen more often in primary teeth, probably because of 
the relatively thin buccal cortical bone in young children. 

Internal root resorption is the most common sequel to 
inflammation after pulpotomy, the origin of which is not 
understood. It may be due to the different way in which 
the pulp tissue in primary teeth reacts to irritating agents. 
Thus, it has been shown that the physiological process of 
shedding occurs in areas lacking predentin, which has 
been shown to increase the risk of internal resorption 
(50, 78). By using calcium hydroxide as a dressing 
material after pulpotomy, the presence of a remaining 
blood clot between the dressing and the wound surface 
has been suggested to enhance the internal root resorp- 
tion process (73). 

Diagnosis 

Pulpotomy, that is removal of the coronal portion of the 
pulp tissue, has been and probably still is the most com- 
monly used treatment for primary teeth with carious 
exposure. As a consequence, focus has been on the ability 
to assess the extent of preoperative pulpal inflammation. 
Two diagnostic terms are often used in the literature: 
partial pulpitis, designated for teeth without preoperative 
clinical and/or radiographic symptoms of pulpal inflam- 
mation; and total pulpitis, designated for teeth with pre- 
operative symptoms of pulpal inflammation extending 
into the root pulp (10, 11, 72). 

Although essential for the outcome of the treatment, 
there is at present no means of clinically determining the 
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Core concept 5.1 Special features of the pulp and 
root morphology of primary 
molars in comparison with 
permanent molars 
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The molar has practically no root socle. 
The coronal pulp chamber is comparatively large and wide and the 
distance to the surface of the tooth is small, in both the occlusal 
and approximal directions. 

The pulp horns are relatively large, in both the occlusal and 
approximal directions, making the tooth vulnerable to mechanical 
and carious exposure. 

The distance from the pulpal floor to the bifurcation is short and 
the area between the pulp floor and the bifurcation often contains 
accessory canals. Because of this and a possible less well-mineral- 
ized dentin in this area, an interradicular widened periodontal 
membrane with loss of lamina dura or bone loss is a common 
radiographic sign of extensive inflammatory changes or necrosis of 
the pulp tissue. 

The roots are often flared and bent and then converge in the apical 
part and are in close relation to the permanent tooth. In the coro- 
nal part the root canals are reasonably wide and accessible, 
whereas in the apical part they often show intricate morphology 
with narrow, ribbon-shaped and curved canals. Instrumentation 
may therefore be difficult, particularly in upper molars. 





precise histological status of the pulp. Teeth judged to be 
without signs of total pulpitis might have profound 
pulpal inflammation. The proportion of correctly diag- 
nosed pulps in histological terms judged from preopera- 
tive clinical findings has been investigated, with results 
varying from 56 to 81 % . Most investigators have reported 
a poor correlation between clinical and histological find- 
ings (11, 12, 37, 60, 63), whereas others have found a 
relatively high agreement of about 80% (38, 72). Several 
of these studies suffer from a relatively small number 
of teeth and it is often not stated how the teeth were 
selected. Overall, it seems that the probability of arriving 
at a histologically correct pulp diagnosis based on clinical 
symptoms is rather poor. 

In the clinic, it may be sufficient to know whether the 
pulp is treatable with vital pulp therapy or not, and it has 
been suggested that if teeth are divided into two treat- 
ment categories only, i.e. 'treatable' (= partial pulpitis; 
vital pulp treatment) or 'not treatable' (= total pulpitis or 



necrosis; extraction), the agreement between clinical and 
histological findings will improve (11, 38). However, 
these studies also suffer from a small number of selected 
patients and in one (11) the difference between the two 
groups was not statistically significant. In the other (38), 
the basis for grouping the teeth focused on the character 
of the bleeding of the exposed pulp combined with the 
character of pain, a variable that is difficult to make 
unequivocal and reliable. 

Along with the introduction of treatment options such 
as partial pulpotomy, indirect pulp capping and stepwise 
excavation as alternatives to pulpotomy, the diagnostic 
terms reversible and irreversible pulpal inflammation 
have been suggested. However, these terms are not sup- 
ported by any more reliable or accurate markers than 
those for partial and total pulpitis. 

It follows that there are no clinical means to determine 
accurately the extent and severity of pulpal inflamma- 
tion. There are, however, various clinical symptoms that 
can be used to enhance the probability of arriving at a 
proper pulp diagnosis (Core concept 5.2). It has to be 
realized though, that teeth with deep carious lesions 
without any of these symptoms and accordingly classi- 
fied as partial pulpitis may be classified correctly in histo- 
logical terms in no more than 60-70% and at best in 80% 
of cases. 

Importantly, it is less difficult to predict total pulpitis 
from clinical symptoms than it is to predict a healthy 
pulp or a pulp with partial pulpitis (11, 12, 37, 60), and 
the obvious presence of any of the listed symptoms 
(apart from pain from percussion and/or pressure, which 
is often difficult to interpret) indicates total pulpitis. 
Particular notice should be given to radiographic patho- 
logical changes such as widened and diffusely outlined 
lamina dura and the presence of spontaneous pain, par- 
ticularly at night, both of which strongly suggest total 
pulpitis. Severe symptoms, such as swelling, fistula or an 
abscess, suggest pulp necrosis. 

Core concept 5.2 Clinical signs of total pulpitis 
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Radiographic pathological changes, such as widened periodontal 
membrane with loss of lamina dura, interradicular or periapical 
resorptive periodontitis (owing to superimposed structures, radio- 
graphic changes may be difficult to discover in maxillary molars) 
Abnormal tooth mobility 

Spontaneous or persistent pain, particularly at night 
Radiographic signs of calcifications in the pulp chamber 
Dark red and/or thick-viscous bleeding of the exposed pulp 
Pulp exposed after removal of demineralized dentin - large pulp 
exposure 

Profuse bleeding of the exposed pulp 

Pain from percussion and/or pressure (often difficult to interpret, 
particularly in younger children) 
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Healing 

A proper preoperative pulp diagnosis is decisive for 
successful endodontic treatment in primary teeth. 
Presupposing that the cause is removed, the extent to 
which inflammation can be present in the pulp while the 
pulp recovers and undergoes repair and healing is not 
known. In other words, the stage at which the inflamma- 
tory process is irreversible is uncertain but essential, 
because endodontic treatment in primary teeth focuses 
mainly on vital pulp therapy. 

Results from recent clinical studies on direct or step- 
wise excavation of deep carious lesions in young perma- 
nent teeth and partial pulpotomy of cariously exposed 
pulps in both primary and young permanent teeth 
suggest that the pulp has good potential to recover once 
the irritants are removed (35, 39, 47, 74, 93). Thus, for 
example, a 100% clinical and radiographic success rate 
was observed after stepwise excavation in young perma- 
nent molars with deep carious lesions after observation 
periods of at least 2 years. Important prerequisites for 
successful treatment were the absence of clinical and/or 
radiographic pathological symptoms. 

The operative technique must be pointed out as an 
important factor for successful endodontic treatment. It 
has been shown that presumably infected dentin frag- 
ments unintentionally left behind in the pulp tissue 
cause widespread inflammatory reactions (36). Therefore, 
meticulous cleansing of the exposed pulp is crucial, 
particularly when using capping techniques (35). 

Repair and healing after pulpotomy where the ampu- 
tation site is situated at the orifices of the root canals, 
depend on whether or not preoperative inflammatory 
reactions also involve the root pulp, on the operative 
technique and on the characteristics of the wound 
dressing used. Furthermore, infection due to bacterial 
leakage is a prime threat to both repair and healing (5), 
and the importance of a bacteria-tight seal cannot be 
overemphasized. 

Wound dressings - characteristics, modes 
of action and reported clinical success 
rates 

The ideal dressing material for either unexposed or 
exposed vital pulps should be bactericidal and enhance 
the repair and healing of the pulp. The dressing also 
should be biocompatible and not interfere with the 
physiological process of root resorption. The cost of the 
material should also be reasonable. Unfortunately, the 
ideal dressing has still to be discovered. Meanwhile, 
various dressing materials are used. A detailed list of 
clinical success rates observed for different treatment 
procedures with different dressing materials is presented 
in Table 5.1. 



The most commonly used wound dressings are: 
calcium hydroxide, formocresol (FC), glutaraldehyde, 
corticosteroids (Ledermix®), zinc oxide-eugenol cement 
and ferric sulfate. Although still not used much in clinical 
practice, mineral trioxide aggregate (MTA) is also 
described since promising clinical results have been 
obtained with this material. 

Calcium hydroxide 

Calcium hydroxide is used as a dressing material on both 
unexposed and exposed pulps. It is a strong alkaline 
compound with a pH of about 12 that causes a superficial 
necrosis of about 1.5-2 mm in the area underneath its 
placement on an exposed pulp. After the initial irritation 
of the underlying tissue, the pulp produces new collagen 
and thereafter a bone-like hard tissue. Avoidance of an 
extrapulpal blood clot is essential when using calcium 
hydroxide as a wound dressing, because its presence 
may interfere with pulp healing (73). Therefore, it is 
important to use a gentle technique, including cutting 
with high-speed equipment and diamond burs followed 
by irrigation with water or saline in order to achieve 
hemostasis. 

The formation of a hard-tissue barrier, although sel- 
dom complete, protects the pulp mechanically and gives 
partial protection from bacterial infection (Fig. 5.1). It 
should be noted though that the presence of such a bar- 
rier, often considered a criterion of successful treatment, 
is no guarantee of a healthy residual pulp (57, 71). 

Unsuccessful outcomes of pulpotomies using calcium 
hydroxide as a wound dressing have been attributed to a 
blood clot left behind between the dressing and wound 
surface (73). An in vitro laboratory study showed that 
blood and serum substantially lowered the pH of calcium 
hydroxide and thereby reduced its bactericidal effect 
(45). The presence of bacteria combined with a blood clot 
may therefore be an important cause of failure. Because 




Fig. 5.1 Hard-tissue barrier in a primary molar formed after pulpotomy using 
calcium hydroxide as a wound dressing (H & E, x40). a = wound surface; 
b = hard-tissue barrier; c = normal pulp tissue. (Courtesy of M. Cvek.) 
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Table 5.1 Reported clinical/radiographic success rates of various vital pulp treatment procedures of primary molars with deep carious lesions along with type 
of dressing material, number of teeth included in the study and follow-up times. 



First author 


Type of study 


Treatment procedure 


Dressing material 


Number of 


Follow-up 


Success rate 


(Reference) 








teeth 


time 


(%) 


Al-Zayer (2) 


Retrospective 


Indirect pulp capping* 


Calcium hydroxide 


187 


1 yr 


96 


Falster (14) 


RCT 


Indirect pulp capping* 


Adhesive resin vs Dycal® 


48 


2 yrs 


96vs83(ns)** 


Marchi (43) 


RCT 


Indirect pulp capping* 


Dycal vs Vitremer® 


27 


4 yrs 


89 vs 93 (ns) 


Farooq (1 5) 


Retrospective 


Indirect pulp capping* vs 
pulpotomy 


Vitrebond® 
FC diluted to 1/5 


133 


2-7 yrs 


93 vs 74 


Davies (7) 


Cohort 


Direct pulp capping 


Calcium hydroxide 


71 


2-3 yrs 


60 


Pritz (59) 


Cohort 


Direct pulp capping 


Calcium hydroxide 


20 


2 yrs 


57 


Tuna (86) 


RCT 


Direct pulp capping 


MTA vs calcium hydroxide 


44 


2 yrs 


1 00 vs 1 00 a 


Jeppesen (35) 


Cohort 


Partial pulpotomy 


Calcium hydroxide 


78 


4 yrs 


78 


Schroder (72) 


Cohort 


Partial pulpotomy 


Calcium hydroxide 


93 


1 yr 


83 


Gruythuysen (24) 


Cohort 


Pulpotomy 


Calcium hydroxide 


196 


2 yrs 


80 


Schroder (71) 


Cohort 


Pulpotomy 


Calcium hydroxide 


33 


2 yrs 


59 


Via (89) 


Retrospective 


Pulpotomy 


Calcium hydroxide 


103 


2 yrs 


31 


Hicks (27) 


Cohort 


Pulpotomy 


FC a , Buckley's formula 


164 


3.5 yrs 


89 


Mejare (46) 


Cohort 


Pulpotomy 


FC, Buckley's formula 


74 


2.5 yrs 


55 b 


Rolling (69) 


Cohort 


Pulpotomy 


FC, Buckley's formula 


98 


3 yrs 


70 


Fuks(18) 


Cohort 


Pulpotomy 


FC, diluted to 1/5 


77 


2 yrs 


94 


Morawa (51) 


Cohort 


Pulpotomy 


FC, diluted to 1/5 


125 


6-60 mo 


98 


Huth (30) 


RCT 


Pulpotomy 


Laser vs ferric sulfate vs FC vs 
calcium hydroxide 


200 


2 yrs 


78 vs 86 vs 85 
vs53 


Waterhouse(91) 


RCT 


Pulpotomy 


FC vs calcium hydroxide 


79 


6-38 mo 


84 vs 77 (ns) 


Smith (77) 


Cohort 


Pulpotomy 


Ferric sulfate 


242 


4-57 mo 


74 c 


Fuks (20) 


Cohort 


Pulpotomy 


Ferric sulfate 


55 


6-34 mo 


93 


Fei (1 7) 


Cohort 


Pulpotomy 


Ferric sulfate 


29 


1 yr 


97 


Ibricevic (32) 


Comparative 


Pulpotomy 


Ferric sulfate vs FC, Buckley's 
formula 


164 


3.5-4 yrs 


92 vs 95 (ns) 


Shumayrikh (76) 


Cohort 


Pulpotomy 


Glutaraldehyde, 2% 


61 


1 yr 


74 


Tsai (85) 


Cohort 


Pulpotomy 


Glutaraldehyde, 2 or 5% 


150 


3 yrs 


79 


Fuks (19) 


Cohort 


Pulpotomy 


Glutaraldehyde, 2% 


53 


2 yrs 


82 


Garcia-Godoy (22) 


Cohort 


Pulpotomy 


Glutaraldehyde, 2% 


49 


1.5-3.5 yrs 


96 


Gerdes (23) 


Retrospective 


Pulpotomy 


Ledermix® d 


101 


3 yrs 


76 e 


Hansen (26) 


Cohort 


Pulpotomy 


Ledermix® 


14 


1-42 mo 


79 


Magnusson (41) 


Cohort 


Pulpotomy 


Zinc oxide-eugenol 


40 


6-39 mo 


55 


Hansen (26) 


Cohort 


Pulpotomy 


Zinc oxide-eugenol 


14 


1-42 mo 


57 


Maroto (44) 


Cohort 


Pulpotomy 


MTA 


69 


6-42 mo 


99 


Eidelman(10) 


RCT 


Pulpotomy 


MTAvsFC 


32 


6-30 mo 


100vs83(ns) 


Agamy (1) 


CCT 


Pulpotomy 


MTAvsFC 


60 


1 yr 


90 vs 90 


Holan (28) 


RCT 


Pulpotomy 


MTAvsFC 


62 


38 mo 


97 vs 83 (ns) 


Farsi (16) 


RCT 


Pulpotomy 


MTAvsFC 


120 


2 yrs 


99 vs 87 
(radiographic) 


Moretti (52) 


RCT 


Pulpotomy 


MTA vs FC vs calcium hydroxide 


43 


2 yrs 


100vs100vs 
36 


Casas (6) 


RCT 


Pulpectomy 
vs pulpotomy 


Ferric sulfate 


29 


3 yrs 


92 vs 62 



* Without re-entry. 

** ns = no statistically significant difference. 

a Size of pulp exposure <1 mm. 

b 61 % of the molars had obvious preoperative clinical signs of total pulpitis. 

c The success rate after 2-3 years was 81 % (n = 57) and after >3 years it was 74% (n = 31). 

d Contains a synthetic corticosteroid and Ledermycin®. 

e Successful was defined as functioning, i.e. teeth with radiographic evidence of internal root resorption were included in successful cases (1 5%). 

FC = formocresol; MTA = mineral trioxide aggregate; RCT = randomized clinical trial. 
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the blood clot probably serves as a buffer, it also prevents 
calcium hydroxide from exerting its superficial necrotiz- 
ing effect on the pulp tissue. Another reason for failure 
could be an incorrect preoperative pulp diagnosis. Thus, 
it has been suggested that calcium hydroxide has no 
other effect besides promoting the formation of a hard- 
tissue barrier and therefore cannot be used successfully 
on an inflamed pulp tissue (73). The latter suggestion is, 
however, not consistent with recent reports on relatively 
high rates of successful treatments using partial pulpoto- 
my in cariously exposed pulps (47, 74). 

After pulpotomy with calcium hydroxide as a wound 
dressing, reported success rates vary between 31 and 
80% (24, 52, 71, 89). Using the same diagnostic criteria, 
the overall success rates were higher when calcium 
hydroxide was used as a dressing material after partial 
pulpotomy (78-83%) (35, 74) (Table 5.1). As judged from 
these studies, it seems that the partial pulpotomy tech- 
nique is more favorable than direct pulp capping. 
Randomized clinical studies comparing the two tech- 
niques have yet to confirm this assumption. 

Formocresol 

Formocresol (FC) is used as a dressing material after 
pulpotomy. The original compound, Buckley's FC, con- 
tains concentrated formalin (19% formaldehyde), cresol 
(35%) and glycerol (7%) in an aqueous solution, the main 



active component being formaldehyde. Nowadays, 
Buckley's formula is often diluted to one-fifth of its origi- 
nal strength. Depending on the concentration and time 
of exposure to formaldehyde, part of the root pulp tissue 
is devitalized. Importantly, it has been shown that even 
after prolonged application of the full concentration of 
FC the entire pulp was not devitalized (48, 66). 

The most common histological appearance when 
using FC as a wound dressing is devitalized pulp tissue 
in the upper part of the root canal, inflammatory changes 
with internal root resorption and apposition of hard 
tissue in the middle section, with the most apical part 
usually showing normal pulp tissue (66) (Fig. 5.2). Thus, 
the use of FC does not result in repair and healing in his- 
tological terms, and a hard-tissue barrier underneath the 
dressing is not formed. This makes the tooth vulnerable 
to contamination from bacterial leakage and emphasizes 
the importance of a bacteria-tight seal when restoring 
the tooth. 

As shown in Table 5.1, in most studies on pulpotomy 
the clinical success rates using Buckley's formula are 
higher than those obtained with calcium hydroxide as a 
dressing material (18, 27, 46, 51, 69). Also, when diluted 
1:5, the clinical success rates of FC are considerably higher 
than those of calcium hydroxide (18, 51). Fuks and 
Bimstein (18), reporting a clinical success rate of 94% 
after 2 years of observation, recommended the use of the 
diluted formula of FC instead of Buckley's FC. 
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Fig. 5.2 Palatal root of upper second molar. Pulp tissue reactions after pulpotomy with Buckley's formocresol as dressing, 2.5 years postoperatively: (a) overview 
(H & E f x25); (b, c) middle part of the root (H & E, x60). 
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The most probable reason for the relatively high 
clinical success rate with FC as a dressing material is that, 
as long as the devitalized tissue does not become infected, 
the tooth usually stays asymptomatic. Furthermore, 
because of the more extensive devitalization of the pulp 
compared with calcium hydroxide, the use of FC is not as 
sensitive to a correct preoperative diagnosis of the 
inflammatory status of the root pulp as when calcium 
hydroxide is used. The clinical success rate when using 
Buckley's FC on molars with obvious clinical signs of 
total pulpitis amounted to 82% after 1.5 years of observa- 
tion but dropped to 50% after 3 years (46). 

Glutaraldehyde 

Glutaraldehyde (G A) - a dialdehyde - has gained increas- 
ing attention as a possible substitute for FC as a wound 
dressing, the suggestion being less pulp devitalization 
but similar clinical results. Glutaraldehyde has not been 
produced commercially yet, the main reason being its 
instability, even when refrigerated. 

Like FC, GA can cause allergic skin reactions, and hand 
dermatitis has been reported in dental assistants after 
using the disinfecting agent Cidex® (56). There are no 
unequivocal indications of mutagenic properties of GA. 
The full concentration or a 1:5 dilution of FC was 2-3 
times more cytotoxic to human fibroblasts than 2.5% GA 
(34). In another study, however, little difference in the 
relative toxicities was observed between formaldehyde 
and GA when the data were calculated in terms of molar 
concentrations rather than dilution (81). Interestingly, 
GA appeared more toxic to rat nasal epithelium than FC 
(80). Owing to cross-linking, GA is less penetrative than 
formaldehyde and consequently causes less immediate 
damage to pulp tissue. However, in a study on monkeys 
GA did not result in repair and healing in histological 
terms (82) and it cannot be ruled out that, under a nar- 
row zone of fixation, partial cell damage and/or a slow 
death of cells deeper within this zone may lead to chronic 
cell injury (81). 

Studies reporting on the clinical success rate of GA as 
a wound dressing are listed in Table 5.1. Using 2 or 5% 
GA, the reported success rates vary from 74 to 96%, the 
periods of observation being between 1 and 3.5 years (19, 
22, 76, 85). 

It has been suggested that buffered GA solution is 
more effective than unbuffered solution. The concentra- 
tion and time of exposure to the tissue show a strong 
interaction (81), implying that GA needs a relatively long 
contact time with the pulp tissue to achieve optimal fixa- 
tion. Whether this problem can be circumvented in the 
clinic by raising the concentration is debatable. Thus, the 
optimal strength of GA is, as yet, uncertain and there are 
also varying opinions about whether it should be includ- 
ed in the permanent dressing of zinc oxide-eugenol 



cement or not. Considering the suggested similar cyto- 
toxicity of GA and FC, it is doubtful whether GA has any 
advantage over FC as a wound dressing material. 

Corticosteroids 

The concept behind using corticosteroids as a wound 
dressing is to suppress and, ideally, reverse any inflam- 
matory reactions in the pulp tissue. Ledermix® - the only 
commercially available dressing material for this purpose 
- is a synthetic glucocorticoid with some Ledermycin® 
(demethylchlortetracycline) added to it, mixed with 
calcium hydroxide, zinc oxide and eugenol. 

There is a great deal of controversy associated with the 
efficacy of corticosteroids and their capacity, when used 
locally, to reverse pulpal inflammation. Hansen (25) 
showed that the active component of Ledermix was 
decomposed after 18 days. It has been argued also that 
any anti-inflammatory effect is restricted to the contact 
area between the dressing and the pulp tissue (3). 
Furthermore, the dressing does not induce the formation 
of a hard-tissue barrier, a characteristic considered to be 
important in protecting the pulp of primary molars from 
bacterial leakage and subsequent infection. These factors 
may explain why Ledermix has not gained widespread 
acceptance as a dressing material. 

Hansen et ah (26) compared zinc oxide-eugenol with 
Ledermix as a wound dressing after pulpotomy in cari- 
ously exposed pulps and found less severe internal root 
resorptions and inflammatory reactions in teeth where 
Ledermix was used. Although a lenient material without 
any observed side-effects, only a few studies report on 
the success rate with a corticosteroid as the wound dress- 
ing. In a small study of 30 molars and varying observa- 
tion times, Hansen et al. (26) reported a success rate of 
79%. In a 3-year study with 101 molars, Gerdes et al. (23) 
reported a success rate of 76% (defined as functioning 
teeth and including 12 teeth with internal root resorp- 
tions and four teeth with radiographic and clinical symp- 
toms). From these studies it might be expected that 
corticosteroids are superior to calcium hydroxide as a 
dressing material (see Table 5.1). However, because of 
the lack of randomized prospective clinical studies using 
different wound dressing materials, it is not possible to 
propose the best material. 

Zinc oxide-eugenol cement 

Zinc oxide-eugenol cement is probably not so often used 
today as a dressing material alone after pulpotomy; it 
results in a high percentage of internal resorptions and 
reported clinical success rates are low {55-57%) (26, 41). 

Ferric sulfate 

Ferric sulfate (Fe 2 (S0 4 ) 3 ) in a 15.5% solution has been 
used as a coagulative and hemostatic agent in crown and 
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bridgework. Blood proteins agglutinate when they are 
exposed to the ferric and sulfate ions but the exact mech- 
anisms of action are still debated. 

When used as a wound dressing after pulpotomy, a 
metal-protein blood clot forms at the site of pulp expo- 
sure. Ferric sulfate has been investigated as a possible 
alternative to FC (17, 19, 77). The reported clinical success 
rates are similar to those of diluted FC and vary from 78 
to 97% . In the retrospective study by Smith et ah (77) the 
clinical success rate was 74% after 3 years of observation 
(n = 242); Fei et ah (17) reported a 97% success rate after 
3-12 months (n = 29); and Fuks et ah (19) found a success 
rate of 93% after observation times varying from 6 to 
34 months (n = 55). Three systematic reviews comparing 
formocresol and ferric sulfate medicaments conclude 
that they are likely to have similar clinical/radiographic 
results (21, 40, 58). 

Mineral trioxide aggregate (MTA) 

MTA is a powder composed of tricalcium silicate, 
bismuth oxide, dicalcium silicate, tricalcium aluminate, 
tetracalcium aluminoferrite and dicalcium sulfate dihy- 
drate. It sets via hydration to become a collodial gel with 
a pH of 12.5, similar to that of calcium hydroxide.The set- 
ting time is 3-4 hours, and its compressive strength is 
comparable to that of IRM® (Intermediate Restorative 
Material, Dentsply, York, PA, USA) (75, 83, 84). MTA in a 
set state is biocompatible, has good sealing properties 
and promotes hard-tissue formation (28). 

Overall, high success rates (>95%) have been achieved 
with MTA as dressing material for treating cariously 
exposed pulps in primary teeth (1, 10, 16, 28, 44, 52, 86). 
The studies are summarized in Table 5.1. One study 
compares MTA with calcium hydroxide for direct pulp 
capping (86). Both materials gave 100% success rate after 
2 years. This is contradictory to the other two studies on 
direct pulp capping where relatively low success rates 
were obtained. According to the authors, the main 
reason for the high success rates is that a tight seal was 
secured by using resin-bonded zinc oxide-eugenol. 
Other reasons could be that only small exposures 
(<lmm) were accepted, and that only occlusal lesions 
were included. Furthermore, it cannot be ruled out that 
some pulp exposures were of traumatic origin. 

In five studies evaluating MTA as an alternative to 
formocresol (FC) in pulpotomized primary molars, the 
success rate of MTA was equal or superior to FC. As a 
consequence, the authors suggest that MTA is a proper 
alternative to FC as a pulp dressing material. Moretti 
et ah (52) compared MTA with FC or calcium hydroxide 
as dressing material and found MTA and FC superior to 
calcium hydroxide. 

To summarize, MTA seems to be the dressing material 
of choice for treating cariously exposed pulps in primary 



teeth. Longer follow-up periods are, however, needed 
before any definite conclusions can be made as to the 
suitability of MTA as dressing material in pulpotomized 
primary molars. At present, the major drawbacks with 
MTA seem to be its cost and perceived problem with 
storage. Commercially available MTA is expensive and 
once the package is opened, the material should be 
sealed in an airtight and waterproof container. 



Objectives of pulp treatment 

Strictly, the objectives of pulp treatment are repair and 
healing of the residual pulp tissue in histological terms 
and a well-functioning tooth until normal exfoliation. At 
present, calcium hydroxide is the only dressing that, 
theoretically, has the potential to fulfill these criteria. 

Because of the relatively low clinical success rate 
reported for calcium hydroxide after pulpotomy and 
because of the restricted lifespan of the primary tooth, 
less strict criteria for the success of pulp treatment are 
accepted in many countries. This means that, besides no 
general harm, no damage should be inflicted to the per- 
manent tooth and the primary tooth should be symptom 
free until normal exfoliation. Formocresol is considered 
by many to meet these criteria and, owing to the com- 
paratively high clinical success rate, is still a commonly 
used dressing material, although healing in histological 
terms does not occur (Advanced concept 5.1). 



Operative treatment procedures 

Indications and clinical success 

Based on clinical and radiographic symptoms and other 
possible considerations for deciding the best therapy, the 
following operative treatment options are available (see 
Core concept 5.3): 

• indirect pulp capping: 

- stepwise excavation 

- without re-entry and further excavation; 

• direct pulp capping; 

• partial pulpotomy; 

• pulpotomy; 

• pulpectomy and root canal treatment; 

• extraction. 

Indirect pulp capping - stepwise excavation 

The purpose of stepwise excavation is to prevent pulp 
exposure by intermittent removal of carious dentin. By 
comparing the number of pulp exposures from stepwise 
excavation with those from direct complete excavation, it 
has been demonstrated both in primary and permanent 
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Advanced concept 5.1 



Concerns about the use of 
formocresol as a wound 
dressing in primary teeth 



The use of formocresol (FC) as a wound dressing after pulpotomy in 
primary molars has been critically reviewed (61, 90). Besides its cyto- 
toxicity, the main concerns are possible carcinogenicity, mutagenicity 
and the fact that formaldehyde is a potent allergen. 

Formaldehyde (CH 2 0), the main active agent of FC, is a small, 
highly reactive molecule that rapidly converts to water and carbon 
dioxide. It is cytotoxic and causes devitalization when applied to pulp 
tissue, the extent of which is dose and time dependent (48). Damage 
to the permanent successor, due to possible diffusion of FC through 
the pulpal floor, has not been observed, however (18, 67). 

Animal studies have shown that formaldehyde has mutagenic and 
carcinogenic effects. Carcinoma in humans due to formaldehyde 
exposure is, however, extremely rare (79) and the carcinogenic 
potential from a single application of FC to the pulp tissue of a primary 
tooth is negligible. It is to be noted that most of us inhale formalde- 
hyde daily, mainly from cars, wooden products, textiles, perfumes 
and other cosmetics and burning wood. 

Any increase in positive reactions to patch tests in children who 
have had a previous FC pulpotomy could not be found (68), but aller- 
gic reactions to formaldehyde after root canal treatment have been 
observed in adults (9, 13). There are no known studies on a possible 
immune response from applying an antigen (allergen) directly to 
exposed pulp tissue. Although potential antigen-presenting cells 
mediating the immune response are present in pulp tissue, it seems 
very unlikely that a single dose of FC applied directly on pulp tissue 
would sensitize a person. Immunoglobulin E-mediated sensitivity to 
formaldehyde also seems to be rare (9). In contrast, contact allergy 
from the handling of the medicament is of major concern for dental 
personnel. 

For the above-mentioned reasons and the lack of healing proper- 
ties, FC is far from ideal as a wound dressing and efforts to find an 
efficient substitute for formaldehyde-containing wound-dressing 
materials in pediatric dentistry are important. 



molars that pulp exposures can often be prevented by 
stepwise excavation (39, 42) (Key literature 5.1). In a 
systematic review on minimal versus complete caries 
removal in permanent and primary teeth it was conclud- 
ed that partial caries removal is preferable to complete 
caries removal in deep lesions in order to reduce the risk 
of carious exposure (64). 

It is assumed that by placing calcium hydroxide tem- 
porarily on the remaining innermost layer of carious 
dentin, the pulp tissue is stimulated to produce repara- 
tive dentin, allowing complete excavation without pulp 
exposure to be carried out at a subsequent treatment 
occasion. It is also possible that, by alleviating the bacte- 
rial load, pulpal healing and repair are facilitated. Other 
mechanisms, such as remineralization of the remaining 
dentin, may be involved but whether and to what extent 
they contribute to the lower frequency of pulp exposures 
following stepwise excavation is not known. 



Core concept 5.3 Deep carious lesions 



Pulp treatment procedures 
and their indications 

Indirect pulp capping - stepwise 
excavation 

Indications: deep carious lesions, 
where the bulk of necrotized dentin 
has not yet reached the pulp; no 
clinical and/or radiographic signs of 
pathology, such as persistent pain, 
widened periodontal membrane or 
interradicular or periapical 
periodontitis. 

Indirect pulp capping - without 
re-entry and further excavation 

Indication: as for stepwise excavation 
(no clinical and/or radiographic signs 
of pathology). The technique differs 
in that the innermost layer of carious 
dentin is deliberately and 
permanently left behind. 

Direct pulp capping 

Indication: accidental or pinpoint 
carious pulp exposure of a symptom- 
free tooth. 



Partial pulpotomy 

Indications: traumatic exposure or 
pulp exposure due to caries; no 
clinical or radiographic signs of 
pathology. 



Pulpotomy 

Indication: clinical and/or 
radiographic symptoms indicating 
coronal pulpal inflammation. 



Indicated pulp status 



Pulpectomylroot canal treatment 

Indications: inflammation extending 
into the root pulp, pulp necrosis and 
where special concern makes the 
tooth valuable. 
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Key literature 5.1 



In the study by Leksell et al. (39), the prevalence of pulp exposure 
after stepwise versus direct complete excavation of permanent poste- 
rior teeth with deep carious lesions was assessed in 127 teeth from 
116 patients aged 6-16 years (mean = 10.2 years). Included were 
teeth with radiographs revealing carious lesions to such a depth that 
pulp exposure could be expected if direct complete excavation was 
performed, but teeth with clinical symptoms other than transient pain 
shortly before treatment were not accepted. The teeth were randomly 
selected for either treatment procedure. 

Stepwise excavation implied removal of the bulk of carious tissue 
and application of calcium hydroxide, followed by sealing of the cavity 
with zinc oxide-eugenol cement. After a period of 8-24 weeks, the 
rest of the carious dentin was removed and the cavity sealed with 
calcium hydroxide, zinc oxide-eugenol and a restorative material. 
Direct complete excavation entailed removal of all carious dentin 
followed by sealing, as mentioned above. In the case of pulp expo- 
sure, a pulp treatment was performed. 

The pulp was exposed in 40% of the teeth treated by direct com- 
plete excavation. The corresponding figure for those treated by step- 
wise excavation was 17.5%. The difference was statistically 
significant. The teeth with no pulp exposure after direct or stepwise 
excavation showed normal clinical and radiographic conditions at the 
last check-up (mean = 43 months). 

In conclusion, stepwise excavation can prevent pulp exposure in 
teeth with deep carious lesions and the results indicate that this 
treatment procedure is successful provided that no preoperative 
symptoms of irreversible pulpal inflammation are present. 



Based on animal studies, Bergenholtz (4) suggested 
that the healing capacity of the pulp could be substantial 
once the irritating agents are removed. This assumption 
was confirmed by the favorable results of the >90% clini- 
cal success rate when stepwise excavation was used to 
treat deep carious lesions in young permanent posterior 
teeth (39). Although there are no clinical studies confirm- 
ing the value of stepwise excavation in primary teeth, 
there is no reason to believe that this procedure should 
not also be favorable in primary molars. Stepwise exca- 
vation is therefore recommended for deep carious lesions 
in primary molars, presupposing that there are no or 
only minor preoperative subjective symptoms and no 
radiographic signs of pathology (i.e. no signs of irrevers- 
ible pulpal inflammation). 

Indirect pulp capping without re-entry and further 
excavation 

Indirect pulp capping is similar to stepwise excavation 
but differs in the sense that the innermost layer of cari- 
ous dentin is deliberately and permanently left behind. 
Four studies using this technique show high clinical 
success rates (Table 5.1) suggesting that indirect pulp 
capping is as appropriate as stepwise excavation. Two of 
them are randomized clinical trials (RCTs) but the 



samples are small. Furthermore, there are no RCTs that 
have compared the two techniques and therefore, there 
is insufficient evidence to know whether it is necessary 
to re-enter and excavate further or not. It seems logical to 
assume that a restoration that gives a tight seal becomes 
particularly important if indirect pulp capping without 
re-entry is used. 

Direct pulp capping 

Direct pulp capping means that a minimal pulp exposure 
is just cleaned and covered with a wound dressing. 
Except for one study comparing MTA with calcium 
hydroxide (86) (see under Wound dressings, MTA), 
reported clinical success rates after direct pulp capping 
in primary teeth are low (7, 59) and the procedure should 
therefore be restricted to accidental or pinpoint carious 
exposures. In an RCT on hard-tissue formation after 
direct pulp capping in healthy young permanent teeth, a 
calcium hydroxide cement was compared clinically and 
histologically with a dentin bonding material as wound 
dressing material (31). The calcium hydroxide cement 
was superior in that complete hard-tissue formation 
occurred more frequently and fewer inflammatory 
changes were observed. In principle, de Souza Costa 
et al. obtained the same results (8). It is therefore recom- 
mended to use calcium hydroxide cement as dressing 
material for direct pulp capping. 

Partial pulpotomy 

Partial pulpotomy implies removal of only the most 
superficial part of the pulp tissue adjacent to the expo- 
sure, and is indicated for a traumatic pulp exposure or a 
pulp exposure from a deep carious lesion. Important 
prerequisites for a favorable result are the same as for 
stepwise excavation, i.e. no or only minor preoperative 
subjective symptoms, no radiographic signs of pathology 
and normal bleeding of the exposed pulp tissue. Two 
studies report on the clinical success rate in primary 
molars, varying from 78 to 83% after 1-4 years of obser- 
vation (35, 74). 

Pulpotomy 

The indications for pulpotomy (implying removal of the 
entire coronal pulp) are the same as for partial pulpotomy, 
i.e. teeth with carious exposures with no or only minor 
preoperative subjective symptoms, no radiographic signs 
of pathology and normal bleeding of the exposed pulp 
tissue. Pulpotomy has been the most commonly used vital 
pulp therapy and numerous reports have been presented 
on the success rates. Depending on the status of the pulp, 
the operative technique, wound dressing and observation 
time, success rates vary between 31 and 98% (Table 5.1). 
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Although randomized prospective studies comparing 
partial pulpotomy and pulpotomy are lacking, the rela- 
tively high success rates reported for partial pulpotomy 
suggest that pulpotomy may be restricted to borderline 
cases, i.e. when clinical and/or radiographic findings are 
not easily interpreted and possibly indicate irreversible 
inflammation in the coronal pulp tissue. 

Pulpectomy and root canal treatment 

Usually, a primary tooth with clinical and/or radiographic 
symptoms indicating total pulpitis or pulp necrosis 
should be extracted. However, if the tooth is considered 
of special importance (e.g. when the permanent succes- 
sor is missing) or if the child and the parents appreciate 
this type of service, pulpectomy or root canal treatment 
can be performed. The size and shape of the root canals 
are often considered hindrances but root canal instru- 
mentation might be performed if the canals are consid- 
ered accessible. In order not to damage the underlying 
permanent tooth, broaches and files must be handled 
with extreme care and a resorbable medicament such as 
calcium hydroxide should be placed in the canals. 

Extraction 

Generally, clinical and/or radiographic signs of total 
pulpitis or pulp necrosis suggest extraction of the tooth. 
This is particularly important in a child with a history of 
severe acute or chronic illness, because the child should 
not be subjected to the possibility of further infection 
resulting from pulp therapy. 

How to do it - procedures and important points 

Several studies have shown that the type of restoration 
impacts success rate (15, 24, 29). Irrespective of treatment 
procedure, a restoration that gives a tight seal is crucial 
and a stainless steel crown is probably the most effective 
for preventing bacterial leakage. 

Stepwise excavation 

Procedure: After local anesthesia, all peripheral caries, the 
bulk of the necrotic and part of the demineralized dentin 
are removed. A layer of calcium hydroxide is placed on 
the remaining carious dentin and covered with zinc 
oxide-eugenol cement. After 6-8 weeks the rest of the 
carious dentin is removed and the bottom of the cavity is 
again covered with a calcium hydroxide layer. A layer of 
slow-setting zinc oxide-eugenol cement or fast-setting 
calcium hydroxide-containing cement is placed and the 
cavity is permanently restored (see Case study 1). 
Alternatively, another intermediate excavation can be 
performed. 



Partial pulpotomy 

Procedure: Local anesthesia and a rubber dam are applied. 
All caries is removed and 1-1.5 mm of the exposed pulp 
tissue is removed with a spherical diamond bur and 
high-speed equipment (with water). It is not critical to 
use sterile saline but a coolant with ample flow is impor- 
tant. Remove all carious dentin adjacent to the pulp 
exposure before cutting the pulp tissue. Jeppesen (35) 
emphasized the importance of careful cleansing of possi- 
bly injected dentin chips from the area of amputation 
before applying the wound dressing. Bleeding is stopped 
by irrigation with sterile saline or water. Dry gently with 
sterile cotton pellets. A layer of calcium hydroxide is 
applied and gently pressed in contact with the wound 
surface. A layer of slow-setting zinc oxide-eugenol 
cement or fast-setting calcium hydroxide-containing 
cement is placed and the cavity restored. 

Pulpotomy using calcium hydroxide 

Procedure: Local anesthesia and a rubber dam are applied. 
Access is gained to the pulp chamber. The coronal pulp 
is removed with a spherical diamond bur and high-speed 
equipment. The wound surface is irrigated with saline or 
water. Applying cotton pellets using slight pressure stops 
bleeding. After hemostasis, the wound surfaces at the 
orifices of the root canals are covered by a layer of gently 
pressed calcium hydroxide. A layer of slow-setting zinc 
oxide-eugenol cement covered with fast-setting cement 
is placed and the cavity is restored. 

Pulpotomy using ferric sulfate (FS) 

Procedure: Local anesthesia and a rubber dam are 
applied. The coronal pulp is removed with a spherical 
bur and high-speed equipment. A small amount of FS 
(Astringdent™ Ultradent Products, Salt Lake City, UT, 
provided as a 15.5% aqueous solution with a plastic 
syringe and a cotton pellet needle) is applied by gently 
wiping the cotton tip of the needle against the wound 
surfaces at the orifices of the root canals for 10-15 s. In 
order to remove any blood clot formation, the FS is then 
thoroughly flushed from the pulp chamber with distilled 
water. After drying with sterile cotton pellets, a layer of 
slow-setting zinc oxide-eugenol cement is placed on the 
wound surfaces and covered with fast-setting cement 
and the cavity is restored. 



Pulpotomy using formocresol (FC) 

Procedure: Local anesthesia and a rubber dam are applied. 
The coronal pulp is removed with a spherical bur and 
high-speed equipment. The wound surfaces at the 
orifices of the root canals are irrigated with saline or 
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water. Bleeding is stopped by applying cotton pellets 
using slight pressure. After hemostasis, a cotton pellet 
soaked in FC is applied to each wound surface and left in 
place for 3-5 min. Full-strength FC (19% formaldehyde) 
is recommended if signs of total pulpitis are present, 
otherwise a one-fifth dilution is sufficient. The pellets are 
removed and a paste of one drop of FC mixed with zinc 
oxide-eugenol is placed on the wound surface. Avoid 
placing the pellets on the pulpal floor. A layer of slow- 
setting zinc oxide-eugenol cement covered with fast- 
setting cement is placed and the cavity is restored (see 
Case study 2). 



Pulpotomy using glutar aldehyde 

Procedure: Local anesthesia and a rubber dam are applied. 
The operative procedure is in principle the same as for 
FC. Pellets soaked in a 2% buffered freshly prepared glu- 
taraldehyde solution are placed on the wound surfaces 
and left in place for 3-5 min. The pellets are removed and 
slow-setting zinc oxide-eugenol cement covered with a 
fast-setting cement is placed and the cavity restored. 



Follow-up principles 

Clinical and radiographic follow-ups should be done 
6 months postoperatively and then at yearly intervals; in 
general, primary teeth subjected to endodontic treat- 
ment should be observed until exfoliation. 

Long-term follow-ups are essential (35, 70). In most 
studies, success or failure has been judged from clinical 
and radiographic examinations only. However, in a 
study by Jeppesen (35) on partial pulpotomy, 43/76 clini- 
cally successful cases were judged histologically after 
4 years of observation and were considered to be suc- 
cessful in 88%. With due respect to the restricted propor- 
tion of teeth that could be examined histologically, this is 
an important observation. It suggests that the majority of 
cases judged to be successful clinically and radiographi- 
cally is also successful histologically, even though a 
potential for new failures may still be present even after 
a follow-up time of 4 years. 



Treatment failure 

The clinical means for revealing an unsuccessful treat- 
ment include clinical inspection and radiographic exami- 
nation. The earliest signs of failure are most often 
radiographically detected internal root resorption and/or 
interradicular bone loss, with subjective symptoms, such 
as pain, being unusual. Particularly in small children, 
electronic pulp testing is often unreliable and instead 
careful inspection of the tooth and the surrounding oral 
mucosa should be made. Pathological tooth mobility, 




Fig. 5.3 Unsuccessful pulpotomy using calcium hydroxide as dressing mate- 
rial: (a) remnants of hard-tissue barrier; (b) heavy infiltration with inflammatory 
cells; (c) internal root resorption (H & E, x40). (Courtesy of Ulla Schroder.) 



swelling or fistulae constitute late and definite signs of 
an unsuccessful treatment. 

As mentioned earlier, the formation of a hard-tissue 
barrier when using calcium hydroxide as a wound dress- 
ing is no proof of healing (57), but failure to produce 
hard tissue at the amputation site always means marked 
pathological changes histologically (35) (Fig. 5.3). 

Radiographic signs of failure 

Internal root resorption: This is the most common compli- 
cation after pulpotomy in primary teeth, particularly 
after pulpotomy with zinc oxide-eugenol or calcium 
hydroxide as wound dressings. When zinc oxide-eugenol 
was used (41) internal root resorption was observed in 
18/40 (45%) teeth within a follow-up time of 3 years, 
whereas it was found in 11/33 (33%) after 2 years with 
calcium hydroxide as wound dressing (71). The preva- 
lence was considerably lower when the partial pulpoto- 
my technique was used - 4/93 (4%) (74) - although the 
follow-up time in that study was only 1 year. Jeppesen 
(35), also using the partial pulpotomy technique, did not 
report any failures due to internal root resorption after 
almost 4 years of observation. With calcium hydroxide as 
a wound dressing, most internal root dentin resorptions 
were observed within the first year after pulpotomy 
(71). 

Internal root dentin resorption occurs also after pulp- 
otomy using FC, glutaraldehyde or Ledermix as wound 
dressings (Fig. 5.4). In a study by Mejare (46), 16/74 (22%) 
molars with FC as dressing showed internal root resorp- 
tions after 2.5 years of observation, whereas the preva- 
lence after 2 years of observation was only 1/70 (1%) 
when the diluted formula of FC was used (18). With glu- 
taraldehyde as a dressing, 6/50 (12%) showed internal 
root resorption after 2 years of observation (19). The use 
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Fig. 5.4 Lower left first molar with radiographic evidence of internal root resorption after pulpotomy with Buckley's formocresol as dressing material: (a) at the 
time of treatment; (b) 18 months postoperatively; (c) 3 years postoperatively. 



of Ledermix resulted in internal root resorptions in 18/101 
(18%) after 3 years of observation (23). 

As mentioned earlier, the reason for the emergence of 
internal root resorption after pulpotomy is not clear. 
Concerning calcium hydroxide, it has been suggested to 
be the result of either preoperative pulpal inflammation 
in the root pulp or an extrapulpal blood clot left behind 
between the dressing and the remaining pulp tissue. 
Regarding FC or glutaraldehyde, the reason is probably 
the irritating effects of the medicaments. 

Interradicular periodontitis: This was a common cause of 
failure after FC pulpotomies using Buckley's formula (46, 
69) and was found in 29/74 (39%) teeth in a study by 
Mejare (46) (Fig. 5.5). It should be noted, though, that in 
this study more than half of the teeth had obvious clinical 
signs of total pulpitis at the time of treatment, indicating 
a poor pulp condition and thus probably reducing the 
prerequisites for successful treatment. When using the 
one-fifth dilution of FC or glutaraldehyde, interradicular 
periodontitis has been less commonly observed: 3-4% 
(18, 19). 

Periapical periodontitis: This was the most common reason 
for failure after partial pulpotomy and occurred in 10/93 



(11%) teeth 1 year postoperatively in one study (74) but 
only in 2^78 (3%) teeth during a follow-up time of almost 
4 years in another study (35). After 3 years of observation 
with Ledermix as a dressing, periapical periodontitis was 
observed in 9/101 molars (23). 




Fig. 5.5 Lower right second molar with radiographic evidence of interradicu- 
lar osteitis 2.5 years after pulpotomy with Buckley's formocresol as dressing 
material. 
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Pulp obliteration: This has been observed mostly after 
pulpotomies using FC or glutaraldehyde as a wound 
dressing (Fig. 5.6). Radiographic evidence of pulp oblit- 
eration was seen in 62-80% of molars pulpotomized 
using Buckleys formula of FC (27, 46, 69, 92). When the 
diluted formula was used (18), pulp obliteration was 
observed in 20/70 (29%) after 2 years of follow-up. With 
glutaraldehyde, pulp obliteration occurred in 20/50 (40%) 
after 2 years of observation (19), whereas Tsai et al. (85) 
reported a lower prevalence of 26/150 (17%) after 3 years 
of observation. 

The reason for pulp obliteration is probably a response 
to the irritating effects of these agents, particularly the 
vascular damage inflicted upon the remaining vital pulp. 
It was shown that the formaldehyde component of FC is 
rapidly transported through the vascular system, caus- 
ing severe thrombosis and hemorrhage at varying and 
seemingly unpredictable distances from the wound sur- 
face (49). As a consequence, remote parts of the original 
pulp tissue are damaged and may react by producing 
hard tissue. Similar reactions probably occur with glutar- 
aldehyde as a wound dressing. It should be noted that 
this common reaction following FC and glutaraldehyde 
pulpotomies implies that vital tissue remains in the root 
canals. In most clinical studies this complication is not 
judged as a failure. 

Premature exfoliation: This complication is not considered 
as a failure but deserves to be mentioned. Exfoliation of a 
molar after FC or glutaraldehyde pulpotomy may occur 
faster than for the symmetrically opposite tooth. It has 
been suggested that glutaraldehyde is superior to FC in 
this respect, because it resulted in a lower percentage of 
premature exfoliation: 15 versus 47% with Buckley's FC 
and 39% with the diluted formula (19). Although not 
properly evaluated, the clinical significance of a possible 
premature exfoliation of, at most, 6 months is probably 
of minor importance. 



Indications and contraindications for pulp 
treatment in primary teeth 

The most important reason for keeping a primary tooth 
until exfoliation is to preserve the space to prevent 
crowding in the permanent dentition. Concerning the 
molars, normally the most important time period is 
before the first permanent molars have reached occlu- 
sion. Other important reasons are to maintain masticato- 
ry functions, to prevent tongue habits and to preserve 
esthetics. Furthermore, it might be important to keep the 
primary teeth for psychological reasons and the age and/ 
or mental condition of the child may require special han- 
dling and consideration. When the permanent tooth is 
missing, it may be important to keep the primary tooth 
for an extended period of time. 

The following conditions generally contradict pulp 
treatment and the tooth should be extracted: 

• presence of clinical and/or radiographic symptoms 
indicating severe inflammatory reactions in the pulp, 
pulp necrosis, swelling, fistula or abscess; 

• medically compromised children, particularly those 
with a lowered resistance to infection, e.g. children 
with severe cardiac conditions; 

• an unrestorable tooth or less than two-thirds of the 
root is present, i.e. the remaining function time of the 
tooth is short. 



Future directions 

The degree and extent to which an existing pulpal 
inflammation can be treated successfully using vital pulp 
therapy has still not been determined and there is no 
precise definition of what "irreversible" pulpal inflam- 
mation means. In order words, the capacity of the 
inflamed pulp to recover is largely unknown. Because 




Fig. 5.6 Radiographic evidence of pulp obliteration in a lower right second molar following pulpotomy with Buckley's formocresol as dressing material: 
(a) preoperatively; (b) 2 years postoperatively. 
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Advanced concept 5.2 Comments on studies 
included in Table 5.1 
concerning validity and 
knowledge gaps 



Table 5.1 gives an overall picture of clinical/radiographic success 
rates subsequent to different procedures for treatment of primary 
molars with deep dentinal lesions with or without carious pulp expo- 
sures. Reported studies are heterogeneous; data differ in diagnostic 
criteria for pulp treatment, in follow-up periods and criteria for suc- 
cessful treatment, making direct comparisons problematic. 
Furthermore, the effect of clustering of teeth within individuals has 
not been taken into consideration and allocation concealment is not 
reported in the majority of the studies, both of which may overesti- 
mate treatment effects. 

In a randomized clinical trial (RCT) four different techniques/dress- 
ing materials after pulpotomy were tested by Huth et al. (30). The 
authors concluded that calcium hydroxide resulted in a lower success 
rate compared with Er:YAG laser, ferric sulfate and formocresol. 
Another RCT with shorter follow-up time found no statistically signifi- 
cant difference between FC and calcium hydroxide (91). One reason 
for the contrasting results could be that the latter study was under- 
powered (too small number of subjects) and/or that follow-up time 
was too short. 

It is noteworthy that the two indirect pulp capping procedures, 
stepwise excavation versus no re-entry, have not been compared in 
RCTs. A retrospective study compared the effect of indirect pulp cap- 
ping (without re-entry) with diluted formocresol pulpotomy and 
found a higher success rate for indirect pulp capping (1 5). The finding 
is intriguing and ought to be further evaluated in RCTs. 

Overall, no conclusions can be made as to the optimum treatment 
or techniques for primary molars with pulp involvement owing to the 
scarcity of relevant scientific research (21, 54). 
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New biological approaches 
to vital pulp therapy 



New approaches to treatment strategies in vital pulp therapy focus 
on cellular and molecular activities during tissue repair. The key 
elements of dentinal regeneration are pulp stem cells, bioactive mol- 
ecules, so-called growth factors and the scaffold of extracellular 
matrix (55). A good understanding of the molecular and cellular pro- 
cesses involved in dental tissue repair is critical since it provides an 
important basis for development of new biological approaches to 
vital pulp therapy. However, the mechanisms behind odontoblast dif- 
ferentiation and dental tissue repair are still not fully understood. An 
example is the role of growth factors that regulate cell activities. How 
these molecules trigger odontoblast activities has received particular 
attention and current advances involve the stimulation of pulp stem 
cells to regenerate the damaged dentin-pulp complex. Murray etal. 
(53) and Tziafas (87, 88) give excellent overviews of current approaches 
to and challenges of regenerative endodontic techniques. 

Transdentinal treatment 

The stepwise excavation procedure, where calcium hydroxide is often 
used to induce the formation of reparative dentin, is an example of 
transdentinal treatment. A layer of reparative dentin deep within the 
remaining dentin would provide extra protection from external irri- 
tants. The reduced permeability of this reparative dentin provides an 
additional protection of the pulp from thermal and mechanical chal- 
lenges. A controlled amount of reparative dentin immediately follow- 
ing extensive dentin loss without pulp exposure would therefore be a 
desirable clinical goal. The new transdentinal approach implies the 
use of biological agents to control pulp response through an existing 
layer of dentin. Although no materials are presently available to 
satisfy these criteria, there are indications that a network of extracel- 
lular matrix molecules and growth factors is potentially capable of 
working in this direction (88). 



endodontic treatment in primary teeth focuses on vital 
pulp therapy, this is an essential future research field. In 
this respect, well-designed and well-conducted random- 
ized clinical studies are of vital importance. Comparison 
between the two indirect pulp capping techniques (with 
and without re-entry) and comparison between the par- 
tial pulpotomy technique and the pulpotomy technique 
are examples of important research fields. Another 
important task is to find better assays for the clinician to 
decide the status of the pulp from clinical symptoms. 

The fundamental biological processes leading to 
reparative dentinogenesis are not fully understood, nor 



are the mechanisms behind tissue regeneration and 
healing. This is essential in order to understand new 
efforts in biological approaches to vital pulp therapy (65) 
(Advanced concept 5.3). 
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Case study 1 

Stepwise excavation in a 5-year-old 

History 

A healthy 5-year-old boy presented with a deep carious 
lesion in the upper right second molar. There was no 
complaint of toothache other than sporadic pain in con- 
nection with meals and there were no visible pathologi- 
cal periapical changes. 



Treatment 

In order to avoid mesial drifting of the first permanent 
molar, it was important to keep the second primary 
molar at least until the first permanent molar had reached 
occlusion. Because there were no clinical or radiographic 
symptoms indicating irreversible pulpal inflammation, 
the diagnosis was partial pulpitis and stepwise excava- 
tion was the therapy of choice. 



Fig. 1 (a) Preoperative clinical view of the upper 
right second molar, (b) Bitewing radiograph show- 
ing the depth of the carious lesion. 





Fig. 2 (a) Clinical view after excavation of the bulk of demineralized dentin, (b) Calcium hydroxide was applied and the cavity was filled with a slow-setting zinc 
oxide-eugenol cement, (c) The radiograph shows no signs of periapical pathological changes. 





Fig. 3 At the second visit 8 weeks later, the tooth is without symptoms: (a) the radiograph shows no pathological changes; (b) the clinical view after re-entry 
and removal of the temporary filling; (c) the clinical view after removal of the remaining carious dentin. A new layer of calcium hydroxide was applied to the deeper 
parts of the lesion, a layer of fast-setting calcium hydroxide was placed and the tooth was restored with glass ionomer cement. 




Fig. 4 Two years later, the tooth is without symptoms: (a and b) clinical views; (c) periapical conditions according to the radiograph are without any pathological 
changes. Note that the first permanent molar has erupted and reached normal occlusion, in which the second primary molar has played an important role as a 
space maintainer. 
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Case study 2 

Pulpotomy using formocresol in a 5-year-old 

History 

A healthy 5-year-old boy presented with a deep carious 
lesion in the lower right second primary molar. There 
was no history of pain other than occasionally after sweet 
food intake. There were no signs of swelling of the gingi- 
va or fistula and the tooth mobility was normal. The 
radiograph revealed a deep carious lesion and the inter- 
radicular area showed a widened periodontal membrane 
and a diffusely outlined lamina dura. At caries excava- 
tion, soft, demineralized dentin reached the pulp cham- 
ber and the bleeding at pulp exposure was profuse and 
dark. 



Treatment 

In order to avoid mesial drifting of the first permanent 
molar it was important to keep the second primary molar 
at least until the first permanent molar had reached 
occlusion. In this case there were obvious signs of total 
pulpitis, such as demineralized dentin reaching the pulp 
tissue, dark profuse bleeding at exposure and periradicu- 
lar pathological signs, as judged radiographically. With 
the pulp diagnosis being total pulpitis, the prognosis 
using calcium hydroxide as a wound dressing after pulp- 
otomy would be poor. An alternative to extraction is to 
use formocresol as the wound dressing. In this case 
pulpotomy was carried out and full-strength formocresol 
was chosen as the wound dressing. 




Fig. 1 Preoperative radiograph revealing a deep 
carious lesion in the lower right second primary 
molar. Note the position of the lower first perma- 
nent molar with its angled direction of eruption. 



Fig. 2 (a) Formocresol has been applied to the root canal orifices for 5 min and the bleeding has stopped, 
(b) The formocresol-containing wound dressing has been applied to the root canal orifices. Note that the 
pulpal floor is not covered with the dressing. 




Fig. 3 Radiographs taken 6 months postoperatively. The right image of the interradicular area towards 
the mesial root still shows a diffusely outlined lamina dura, although the picture is not easily interpreted. 
Otherwise the tooth is symptomless. 



Fig. 4 Radiograph taken 2 years postoperatively. 
There are no obvious signs of periradicular pathology, 
the tooth is clinically symptomless and the first per- 
manent molar has erupted and reached occlusion. 
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Chapter 6 

The microbiology of the necrotic pulp 

Gunnel Svensater, Luis Chavez de Paz and Else Theilade 



Introduction 

Breakdown of the dental pulp by any cause (Chapter 2) 
results in loss of defense mechanisms that can counter 
microorganisms in the oral cavity from entering the root 
canal system of teeth. In direct exposure by, for example, 
caries or fracture, microorganisms readily occupy the 
available pulpal space. In apparently intact teeth micro- 
organisms may also find ways of accessing root canals, 
where the vital functions of the pulp have been lost 
(Fig. 6.1): the attractant is the necrotic tissue, which will 
serve as a primary nutrient for microbial growth and 
multiplication. The root canal space is also a sanctuary 
where colonizing microorganisms can build up microbial 
communities in the form of biofilms without much inter- 
ference from the defense system of the host. Infection of 
root canals, described in detail in this chapter in terms of 
microbial biofilms, ecological determinants and patho- 
genic potential, will initiate and maintain inflammatory 
lesions in the periodontium. While this may occur at any 
portal of exit from the root canal system, these lesions are 
often established near the root tip and therefore go under 
the term apical periodontitis (see Chapter 7). 



Evidence for the essential role of 
microorganisms in apical periodontitis 

Historical background 

Microorganisms colonizing the necrotic pulp of teeth 
have long been recognized as the cause of acute and 
chronic manifestations of apical periodontitis (Chapter 7). 
The first observation of microorganisms in root canals 
was by Antony van Leeuwenhoek (Key literature 6.1), 
whose home-made microscope also enabled him to make 
the first drawing of dental plaque in 1683. However, it 
was 200 years before root canal microorganisms came 
under biological investigation. Willoughby D. Miller 
(1853-1907), the father of oral microbiology, described 
the clinical effects of 'gangrenous tooth pulps' as centers 
of infections varying from hardly perceptible apical 
inflammation to severe local and general symptoms, 
sometimes even with fatal outcome (Key literature 6.1). 
He cultured and characterized bacteria from necrotic 
pulps and studied their pathogenic potential in animal 
experiments (40). 



Pulp exposure due to 



Dentinal tubules exposed due to 



marginal leakage 
around fillings 



crack 



trauma 




fracture 




// 



cavity or 

crown 

preparation 



| root planing 



root resorption 



Fig. 6.1 Drawing illustrating the pathways of 
entry for microorganisms into the root canal. 
Obvious ways of entry are pulp exposures due to 
caries or trauma. Potential pathways are cracks in 
enamel and dentin due to trauma, and dentinal 
tubules exposed by caries, fracture, cavity or crown 
preparation, marginal leakage around filling, root 
resorption or root planing. 
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Key literature 6.1 Citations from classics 



] 



"... I took this stuff out of the hollows in the roots, and mixed it with 
clean rain water, and set it before the magnifying-glass so as to see if 
there were as many living creatures in it as I had aforetime discov- 
ered; and I must confess that the whole stuff seemed to me to be 
alive ..." 

Antonie van Leeuwenhoek, 1683, 
cited from (9) 

"The vulgar and even certain authors have believed and still believe 
that toothache and caries are caused by dental worms and these 
worms gnaw away little by little the tissue of the bony fibers or 
nervous filaments." 

Pierre Fauchard, 1723, 
cited from (9) 

"In the mouth we find certain conditions which are presented by no 
other part of the human body, in that a direct way is furnished for 
parasites through the medium of the root canals and diseased tooth- 
pulps into the deeper parts . . . 

Infections through gangrenous tooth-pulps are to be ranked 
among the most frequent pyogenic infections of the human body; 
they by no means always have the harmless character commonly 
ascribed to them ... 

Apical infections exhibit all transitions from a hardly perceptible 
reaction to the most dangerous phlegmonous inflammations, accom- 
panied by general symptoms, such as high fever, chills, etc. which, as 
many instances show, may lead to meningitis, as well to pyaemic and 
septicemic processes, with fatal termination ... 

Small particles of such pulps brought under the skin of mice, occa- 
sioned in the majority of cases inflammation and swelling ... At the 
end of the second or third day a small abscess was generally found . . . 
In 36.8 per cent the infections were accompanied by severe symp- 
toms, in 7 per cent the disease resulted fatally ..." 



WilloughbyD. Miller, 1890(40) 



J 



With the publication in 1911 of William Hunter's book 
Oral Sepsis as a Cause of Disease (cited in Ref. 9), the theory 
of focal infection emerged: the concept that infected 
teeth cause infections in other parts of the body and also 
cause many systemic diseases. Hunter accused dentists 
of producing masses of oral sepsis with their procedures 
for fillings, crowns and bridges, which often caused 
pulpitis, pulp necrosis and apical periodontitis. He pro- 
posed that a more suitable name for 'conservative 
dentistry' was 'septic dentistry'. His publication (26) led 
to the view that all teeth suspected of infection should be 
extracted. This concept gained widespread acceptance 
for years and resulted in mass extractions of teeth. It 
probably caused a delay in the development of modern 
endodontics, but eventually led to biologically sound 
treatment methods, including the elimination of root 
canal infections. 



Observations in animal experiments and human 
studies 

The view that microorganims in root canals play a key 
role in the pathogenesis of apical periodontitis has not 
always been universally shared. A primary reason has 
been failure to produce cultures from root canals in 
humans to confirm a clear-cut association of apical peri- 
odontitis with presence of bacteria in sampled teeth. 
Some early authors therefore suggested that decomposi- 
tion of necrotic pulp tissue or stagnant tissue fluid in the 
pulpal space might cause apical periodontitis alone, in 
the absence of root canal infection. However, animal 
experiments proved this theory wrong and demonstrated 
that empty tubes or sterile dead tissue implanted subcu- 
taneously caused only transient inflammation that did 
not prevent healing, whereas necrotic tissue infected 
with bacteria caused intense inflammation and often 
abscess formation (35). 

A key piece of evidence for the crucial role of micro- 
organisms in the pathogenesis of apical inflammatory 
lesions was provided by the classical study by Kakehashi, 
Stanley and Fitzgerald in 1965 (28). These investigators 
used germ-free and conventional rats to demonstrate 
that only in the presence of bacteria could pulp necrosis 
and apical periodontitis be induced in teeth where pulps 
were exposed to the oral environment. In germ-free 
animals, on the other hand, the exposed pulps healed 
with hard-tissue repair at the exposure site in spite of 
gross food impaction. In agreement with this study, 
aseptically devitalized pulps that were sealed and kept 
sterile for 6-7 months in experimental monkeys did not 
result in inflammatory responses of the apical tissues. In 
contrast, pulps lacerated by instrumentation and con- 
taminated with oral bacteria caused clinical, radiographic 
and histological signs of apical periodontitis (42). 

Cultural studies in humans, when taking account of 
the fastidious and often obligate anaerobic nature of the 
root canal microbiota, were also eventually able to show 
a connection of apical periodontitis with the presence of 
bacteria in root canals. In these studies (6, 43, 63) non- 
vital tooth pulps with closed necrosis after trauma were 
accessed and sampled for bacterial culture under strict 
aseptic conditions. Indeed a strong association was con- 
firmed in that absence of bacterial growth correlated 
with cases without radiographic signs of apical inflam- 
mation, while most cases with an obvious lesion gave 
bacterial growth. 



Routes of microbial entry to the pulpal 
space 

The root canals of teeth are normally sterile and the pres- 
ence of microorganisms is dependent on their invasion. 



The microbiology of the necrotic pulp 97 



As long as the pulp is vital and has a functioning infec- 
tion defense, bacterial entry will usually be opposed, 
especially in cases where there is no direct exposure of 
the pulpal tissue to the oral cavity (see Chapter 2). On 
the other hand, when a deep carious lesion reaches the 
pulp the massive bacterial exposure will eventually cause 
the inflammatory defense barrier to recede, thereby giv- 
ing access for the bacteria at the caries front to invade 
and colonize the pulpal space. A similar route of entry 
will occur in teeth with pulp exposure due to trauma, 
fracture and cracks as well as following unprotected iat- 
rogenic exposure in restorative procedures. Direct path- 
ways to the root canal space may be present in teeth with 
periodontal disease. From subgingival plaque, bacteria 
can enter through accessory lateral and furcal canals and, 
in ultimate periodontal breakdown, through the apical 
foramen. 

A direct pathway from the external environment is not 
necessarily a prerequisite for microbial colonization of 
the pulpal space, however. In cases of a damaged pulp, 
oral microorganisms may enter along the dentinal 
tubules following their exposure by trauma, root resorp- 
tion, root caries, gaps in the cementum in the cervical 
area and by cavity and crown preparation or under 
restorations with marginal gaps. Even in seemingly intact 
teeth following breakdown of the pulp, as in trauma 
cases (Chapter 15), microorganisms may cross the hard- 
tissue barrier (6, 63). In fact, a route of entry is possible 
through minor cracks in enamel and dentin that occurred 
in conjunction with the injury (34). Anachoresis has also 
been suspected of leading to infection in these cases. This 
term means that bacteria have been disseminated to 
the site of inflammation out of the blood stream. It is 
well known that bacteremia is common in humans 
(Chapter 8). Yet, bacteria normally are eliminated from 
the blood stream and the fact that species from other 
body sites are rarely recovered in traumatized teeth 
has cast the significance of anachoresis as a route of entry 
to necrotic pulps in doubt. Figure 6.1 summarizes the 
most common pathways for microorganisms in the 
oral cavity to enter the root canal in cases of pulp 
necrosis. 



Modes of colonization 

Microorganisms colonizing a body site such as the root 
canal space may either be free-floating as single cells 
(planktonic form) or attached to each other or on to the 
root canal walls or both. Organisms dwelling in a plank- 
tonic state require a liquid phase. In root canals the fluid 
is primarily inflammatory exudate that is released at the 
host defense-bacterial front interface. Saliva may also be 
the vehicle where there is direct communication of the 
root canal system with the oral environment. 



When bacterial cells become densely packed and 
embedded in an extracellular matrix of polymers of host 
and microbial origin, the term microbial biofilm is used. 
Bacteria residing in such microbial communities have 
gained a great deal of interest in recent years because 
infections, including those of root canals, often involve 
microbial biofilms. While planktonic microorganisms can 
be easily eliminated, there is a major challenge for root 
canal therapy to combat bacteria firmly attached to the 
root canal walls. This is especially so when microorgan- 
isms are in all areas of the canal space as well as in the 
dentinal tubules (Fig. 6.2) (53). 

Microbial biofilms are ubiquitous in nature in all situa- 
tions where natural liquid and microorganisms come in 
contact with surfaces (16). Dental plaque is one of the 
most studied biofilms and most members of the oral 
microflora contribute to the extensive biofilm formation 
on tooth surfaces. What is known about this particular 
biofilm also has implications for biofilms in the root canal 
environment (Fig. 6.6). 

Independent of milieu, the development of biofilms 
seems to follow essentially the same sequence of events, 
starting with the adsorption of macromolecules to which 
microorganisms attach. Coadhesion of other micro- 
organisms subsequently occurs and their attachment 
may be strengthened through polymer production and 
unfolding of cell surface structures. The multiplication 
and metabolism of adhering microorganisms ultimately 
result in the development of a structurally organized 
microbial community that is in a state of balance with 
the local environment (7, 37). Many natural biofilms 
have a highly diverse microflora with the individual 
species also organized functionally. When mature bio- 
films are viewed using non-invasive and non-destructive 
techniques (e.g. confocal laser scanning microscopy, 
CLSM), significant structural features observed include 
microcolonies of bacteria embedded in an extracellular 
matrix with channels or pores traversing the depth of the 
biofilm (4, 15). 

Biofilms in root canals 

The most direct evidence for biofilms in root canals 
comes from light microscopy, transmission electron 
microscopy and scanning electron microscopy studies 
in situ of extracted teeth with apical periodontitis (33, 47). 
Biofilms, most often composed of several morphotypes, 
grow in multilayers or as aggregates on the dentin walls 
of the root canal (Figs 6.3 and 6.4) or as dense aggregates 
in the necrotic tissue (Fig. 6.5). The amorphous material 
filling the interbacterial spaces in biofilms has been inter- 
preted as being an extracellular matrix of bacterial origin. 
In many cases, the spatial organization described for root 
canal biofilms resembles that reported for dental biofilms 
(32). Hence, palisade structures of filaments and chains 
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Fig. 6.2 Microbial biofilms in dentinal tubules and on 
dentinal walls of the root canal. (Histological specimen 
courtesy of Dr D. Ricucci.) 




of cocci perpendicular to the canal wall (46), or corn-cob- 
like structures of cocci attached to filaments (44) have 
been described. 

Because of difficulty in accessing naturally occurring 
root canal biofilms with CLSM, information on their 
detailed architecture is limited. However, an open archi- 
tecture is likely to exist enabling molecules, such as nutri- 
ents and microbial products, to move readily in and out 
of the biofilms. 

Extraradicular colonization 

The necrotic tissue of a non-vital pulp is the major loca- 
tion of microorganisms causing apical periodontitis, but 
the lesion per se may also harbor microorganisms. They 
may be attached to the root tip, or occur either as free- 
floating single cells or in clusters. 

Indeed, multispecies biofilms have been described on 
the outer root surface of teeth adjacent to the apical fora- 
men (30, 33). Such aggregations have been composed of 
various microbial forms, even including yeasts (46, 65) 
(Fig. 6.7). These colonizers are of particular significance 
from a treatment aspect in that an orthograde approach 
for endodontic treatment will not be able to eliminate the 
infection. However, it is not clear how common such 
extraradicular microbial aggregations are. They have 
been demonstrated mainly in cases with acute symptoms 
with and without sinus tracts (fistulae), or in cases not 
responding to endodontic treatment. 



Microorganisms continuously detach from the surface 
of biofilms for colonization of other sites. In endodontic 
infections, released organisms may exit the apical fora- 
men and may, at least temporarily, be present in the 
periapical tissue lesion per se, either in a free-floating 
state or inside phagocytes or both. This is normally the 
case in apical abscesses, which may harbor a variety of 
microbial forms. 

Although microorganisms, including rods, spirochetes 
and cocci, have also been identified in asymptomatic 
periapical lesions of root filled teeth (59), well-organized 
tissue lesions, so-called apical granulomas (Chapter 7), 
are not normally found to be infected. An exception to 
this rule is the occasional finding of typical actinomyces- 
containing colonies (48). Radicular cysts may also harbor 
clusters of microorganisms (49). 

Ecological determinants for microbial 
growth in root canals 

As is the case for dental plaque (for review, see Ref. 38), 
adherence and coadherence are key ecological determi- 
nants for the survival and persistence of oral bacteria in 
the root canal environment. Low oxygen tension and the 
level of nutrients available from the host are other impor- 
tant ecological factors determining the success or failure 
of microorganisms entering the root canal to survive and 
grow (Core concept 6.1). The root canal biofilms contain 
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Fig. 6.3 Microbial biofilm 
in the apical part of a human 
tooth with apical periodonti- 
tis (GR). The areas between 
the upper two and the lower 
two arrowheads in (a) are 
magnified in (b) and (c), 
respectively. Note the dense 
bacterial aggregates (BA) 
sticking (in b) to the dentinal 
(D) wall and also remaining 
suspended among neutro- 
philic granulocytes (NG) in 
the fluid phase of the root 
canal content (in c). The 
neutrophilic granulocytes 
appear to form a defensive 
wall, against the advancing 
bacterial front. A transmis- 
sion electron microscopic 
view (d) of the pulpodentinal 
interphase shows bacterial 
condensation on the surface 
of the dentinal wall, forming 
a thick layered plaque. 
Magnification: (a) x46; 
(b) x600; (c) x370; 
(d) x2350. (From Nair (49).) 



Fig. 6.4 A community consisting of cocci and rods in an ecological niche on the 
root canal wall. The aggregated bacteria also show some penetration into the 
dentinal tubules. Scanning electron microscopy, magnification x5000. (From Sen 
eta/. (53).) 
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Fig. 6.5 Microbial biofilm in the apical region of a root canal, (a) Radiograph showing a lower incisor with apical periodontitis, (b) Scanning electron microscopic 
view of the apical region of the root canal. Scale bar: 500 jim. The delimited area is zoomed in in (c) where bacterial biofilm formation within the necrotized tissues 
is apparent. Scale bar: 5 u.m. (Courtesy of Dr D. Jaramillo and Dr C. Schaudinn.) 
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Fig. 6.6 Schematic illustration of the development of biofilms on root canal tissues. Adherence and coadherence of microorganisms are followed by division and 
growth which are dependent on nutrients from the environment. The final composition reflects the outcome of metabolic and molecular interactions between 
members of the microbial community of the biofilm. (Adapted from the model designed by Dr G. Bowden.) 
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multiple species in close physical contact, and this 
increases the probability of both synergistic and antago- 
nistic interactions between microbial cells. With time, a 
multispecies microbial community is established and 
microbial interactions eventually give stability to the 
community. This mode of colonization gives rise to a 
chemical heterogeneity in the biofilm environment, 
which encourages phenotypic diversity. It also enhances 
the ability of the microorganisms to resist environmen- 
tally derived stressful conditions (see Advanced concept 
6.1). Once a stable biofilm is established, disruption of 
the habitat, such as application of mechanical forces and 
antiseptics, must occur before the microbial community 
is significantly affected. 

Nutrition 

Microorganisms entering the necrotic tissue in root 
canals encounter suitable conditions for growth. The 
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Fig. 6.7 Microbial biofilm at the periapex of a 
human tooth with acute apical periodontitis. 
Note the mixed bacterial flora consisting of 
numerous dividing cocci, rods (lower inset), fila- 
ments (Fl) and spirochetes (S, upper inset). 
Rods often reveal a Gram-negative cell wall 
(GW, lower inset). C = cementum; D = dentin. 
Magnification: x2680; upper inset: x19 200; 
lower inset: x36 400. (From Nair (49).) 



necrotic tissue, tissue fluid and inflammatory exudates 
from the apical tissue supply the basic requirements for 
carbon, nitrogen, salts and energy as well as the special 
requirements for amino acids, nucleotides, vitamins and 
hemin (62). Nutrients can be derived directly from these 
sources but also from degradation of macromolecules 
such as proteins and glycoproteins, a process that 
requires the concerted action of enzymes released from 
different species in the microbial community. The result- 
ing carbohydrates, small peptides and amino acids then 
serve as nutrients and an energy source for many inhab- 
itants of the biofilm. The biofilm organisms may also 
benefit from intermicrobial food chains where metabolic 
end-products (e.g. NH 3 , C0 2 and organic acids) of one 



species serve as nutrients for others. Owing to the small 
amount of carbohydrate available directly or liberated 
from degradation of glycoproteins, growth of micro- 
organisms requiring carbohydrate for energy is limited, 
whereas proteolytic and amino-acid degrading micro- 
organisms are favored. This is reflected in the high pro- 
portion of proteolytic bacteria present in the endodontic 
microbiota. The nutrient conditions in the root canal 
appear, in many ways, to be similar to those experienced 
by subgingival dental biofilms (for a review, see Ref. 58). 
In clinical situations where the necrotic tissues in root 
canals have been removed and the apical inflammatory 
process controlled, nutrients will be scarce. In nature, 
many microorganisms can survive such hostile environ- 
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Advanced concept 6.1 



Microbial biofilms are 
marked by their 
heterogeneity 



The environmental heterogeneity of biofilms is followed by a pheno- 
typical heterogeneity among microorganisms in the community. 
Bacteria alter their pattern of gene and protein expressions as a 
response to the local environmental heterogeneity within the biofilm, 
one consequence of which might be an enhanced virulence or a 
greater resistance to antimicrobial agents. Recently, it has been rec- 
ognized that oral bacteria use both inter- and intraspecies signaling 
molecules for cellular communication. Once released, these molecules 
(peptides for Gram-positive bacteria and autoinducer-2 for Gram- 
positive and Gram-negative bacteria) diffuse in the local environment 
and influence properties of neighboring cells, such as their resistance 
to environmental stress and antimicrobials. 



Core concept 6.2 



Microbial interactions in a 
polymicrobial community 



Synergism 

Coaggregation 

Maintenance of anaerobic environment 

Enzyme complementation for concerted degradation of 

macromolecules 

Food chains 

Joint defense 

Antagonism 

Competition for space and nutrients 
Inhibitory metabolic products 
Bacteriocins 



merits by inducing a starvation response. While informa- 
tion on the starvation response in root canal bacteria is 
limited, microorganisms are likely to regulate their 
metabolic balance away from multiplication, towards the 
acquisition of energy for survival (21). It is quite possible 
that the adoption of a non-growing state could be an 
important mechanism for survival in nutrient-deprived 
environments of the root canal (12). 

Redox potential 

Generally, the oxygen tension and redox potential in 
root canals are low, which select for obligately anaerobic 
microorganisms, with only a few facultative anaerobes 
and the rare occurrence of obligate aerobes. As for dental 
biofilms, any oxygen entering the root canal, e.g. with 
saliva, will be consumed by the facultative anaerobes, 
which tolerate oxygen due to their enzymes that catalyze 
removal of toxic oxygen products. It should be empha- 
sized that the failure of oxygen to penetrate biofilms is 
not a result of physical exclusion, since the extracellular 
matrix of biofilms allows diffusion of oxygen (19). Oxygen 
will not reach the inner parts, however, because it is 
actively consumed by facultative anaerobes in the bio- 
film. Thus, in dense microbial biofilms, low oxygen levels 
and a low redox potential suitable for obligate anaerobes 
will prevail. 

Microbial interactions in biofilms 

Root canal biofilms contain multiple oral species that are 
able to interact. Evidence is accumulating that members 
of the microbial community in biofilms are actively 
involved in a wide range of metabolic, molecular and 
physical interactions that may well be essential for the 
attachment, growth and survival of species at a site, 
enabling microorganisms to persist in harsh environ- 
ments (Core concept 6.2). One good example of how the 



participating microorganisms utilize a community life- 
style is the consumption of oxygen by facultatively 
anaerobic species. Combined with the accumulation of 
reduced metabolic end-products this creates an environ- 
ment suitable for obligate anaerobes (8). Another example 
of interactions that benefit participating microorganisms 
are those necessary to metabolize complex host glyco- 
proteins and proteins. These molecules are normally 
recalcitrant to catabolism by individual microorganisms 
but can easily be broken down by the concerted action of 
the microbes in microbial communities. 

In addition to the conventional metabolic interactions, 
more subtle interactions such as cell-cell signaling might 
occur among microorganisms in root canal biofilms. 
Many species of oral bacteria have evolved signaling 
systems that probably help them to adapt and survive 
host-imposed fluctuations in their local environment 
(17). Some of these communication systems may also 
function between different oral species and can lead to 
coordinated gene and protein expression within the 
microbial community. Such signaling strategies might 
also play a role in the establishment and regulation of the 
microbial community in an infected root canal and are 
currently being viewed as potential targets for new ther- 
apeutic methods (for a review, see Ref. 52). 

Examples have already been given about how the 
bacterial organisms at the surface of the biofilm provide 
protection to those in the inner or deeper portion of the 
biofilm. All the members of the community may also 
benefit from the ability of some species to inactivate host 
defense by degrading antibodies and inhibiting phago- 
cytosis. Nevertheless antagonistic relationships will 
occur. For example, some metabolic end-products (e.g. 
H 2 2/ fatty acids and sulfur compounds) may accumu- 
late in concentrations that are inhibitory or toxic for other 
species. In addition, antimicrobial peptides, so-called 
bacteriocins, generated by some species target others 
that are sensitive, so that their growth is suppressed. 
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Antimicrobial resistance 

Central to the theme of biofilm control is the use of 
surfactants, antimicrobial agents and preservatives. 
Antimicrobial agents have often been developed and 
optimized for their activity against fast-growing, single 
species. Numerous studies have now demonstrated that 
biofilm growth protects bacteria from killing by biocides, 
disinfectants and antibiotics, a feature that is highly 
relevant to root canal infections. There are reports show- 
ing that microorganisms grown in biofilms could be 
two- to 1000-fold more resistant than the corresponding 
planktonic forms (22). With respect to oral bacteria, the 
inhibitory concentrations for chlorhexidine and amine 
fluoride are 300 and 75 times greater, respectively, when 
Streptococcus sobrinus is grown as a biofilm compared 
with free-floating bacteria (54). Biofilms of oral bacteria 
have also been found to be more resistant to amoxicillin, 
doxycycline and metronidazole (29). 

The protective mechanisms underlying biofilm anti- 
microbial resistance are not well known, although several 
mechanisms have been proposed (22). The structure and 
dense organization of the biofilm community within the 
polymeric matrix may restrict the penetration of the 
agent into the biofilm, leaving microorganisms in the 
depths of the biofilm unaffected. In the process the agent 
might also be inactivated. In addition, in an established 
biofilm bacteria grow only slowly under nutrient- 
deprived conditions. As a consequence they are much 
less susceptible than fast-dividing bacteria. Biofilm bacte- 
ria may also display a distinct phenotype that accounts 
for the enhanced resistance. For example, biofilm bacte- 
ria might not express the drug target or may use different 
metabolic pathways than planktonic bacteria. 

Of special interest for root canal infections are the 
experimental in vitro studies showing that cultures of 
Enterococcus faecalis, added to calcium hydroxide- 
medicated and non-medicated root canals, are able to 
form biofilm structures on the canal walls (20) and that 
biofilm formation seems to allow the microorganism to 
resist treatment. As well as possible variations in the con- 
centration of hydroxyl ions to which root canal bacteria 
are exposed, they are also known to vary in their intrinsic 
ability to withstand alkaline pH changes (10, 11). 






Core concept 6.3 Problems in root canal cultures 






Sampling 

Location is not accessible 
Contamination 

Transport 

Death of microorganisms 
Overgrowth of microorganisms 

Cultivation 

Media are not adequate 
Anaerobiosis is not adequate 
Microorganisms are not cultivatable 

Identification 

Time-consuming laboratory procedures 

Expensive 

Taxonomy not yet defined 

Culture-independent, molecular genetic techniques can solve some of 
the problems. 



status and to assess the efficacy of the treatment mea- 
sures given prior to completion of the treatment by root 
filling. Owing to the location of the microorganisms and 
the high species diversity of the microflora, there are, 
however, several methodological problems with this 
technique (Core concept 6.3). 

For many years, the methods for sampling, transport, 
cultivation and identification were rather inadequate for 
the many fastidious, often anaerobic microorganisms 
present. Therefore, false-negative cultures (no growth in 
spite of microorganisms living in the root canal) were 
common. False-positive cultures (growth of contaminat- 
ing microorganisms not present in the root canal) were 
also a common event. Of course, optimal techniques to 
minimize such false results and to secure the growth of 
all members of the mixed microflora are essential (43). 
Methods for microbial identification with and without 
culturing are developing rapidly, and the names and 
taxonomic position of many bacteria change with the 
newly acquired knowledge. The common steps followed 
for detection and identification of root canal micro- 
organisms are shown in Fig. 6.8. 



Methods for studying the root canal 
microflora 

The microflora of necrotic pulps has been studied for 
more than 100 years, mainly by direct microscopy and 
cultivation. Much knowledge has been gained through 
research into the composition, ecology and pathogenic 
potential of the microflora. In clinical practice, root canal 
cultures may be used to determine the microbiological 



Sampling 

Asepsis is necessary during sampling to avoid contami- 
nation from teeth, oral mucosa, saliva, fingers and instru- 
ments. Caries must be excavated, fillings, crowns, plaque 
and calculus removed, a rubber dam applied and the 
tooth and rubber dam disinfected. Sterile burs and 
instruments are used to gain access to the root canals, 
and samples are taken with sterile paper points. The 
canal may contain inflammatory exudate that can be 
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• Physiological markers 



Fig. 6.8 Protocol for visual- 
ization and identification of 
endodontic microorganisms. 



used in the sampling process. If absent, it is necessary to 
introduce a small amount of sterile fluid. By slight instru- 
mentation with a file of a size fitting the canal space, 
necrotic tissue and material from the root canal wall are 
dispersed in the fluid, which is then absorbed with a 
sufficient number of paper points to soak up all the fluid. 
The paper points should be transferred immediately to a 
tube of reduced transport medium designed to keep the 
organisms alive, but not growing, during transport to the 
laboratory. 

Cultivation 

In the laboratory, the microorganisms must first be 
evenly dispersed in the fluid, e.g. by vigorous mixing 



with glass beads before cultivation. Dilutions of the dis- 
persed sample are spread on agar media, which are then 
incubated long enough (10-14 days) to allow even slow 
growers to form colonies. In a broth culture, the fastest 
growing bacteria will overgrow the others and members 
of a mixed microflora will be missed (62). Non-selective 
agar media containing hemolyzed blood (Fig. 6.9) fulfill 
many special nutrient requirements and are best suited 
to culture the many bacterial types as well as yeasts (43). 
Selective media may be included, e.g. Sabouraud agar 
for yeasts, mitis salivarius agar for streptococci, or Rogosa 
SL agar selective for lactobacilli. Special media are 
required for the growth of mycoplasms and spirochetes, 
but only some of the latter can be cultivated even when 
special techniques are used (43). 



Neisseria sp. 



Actinomyces sp. 




Facultative anaerobic Gram-positive cocci 
Anaerobic streptococci 

Streptococcus gordonii 
Veiilonelta sp. 



Fig. 6.9 Growth of root canal microorganisms on blood agar. A paper point sample from root canal with necrotic pulp was inoculated to blood agar and micro- 
organisms were allowed to grow under anaerobic conditions. After 10 days of growth, several colony types are seen. Later identification of microorganisms 
revealed a mixed infection with various types of microorganisms involved. 
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As microorganisms colonizing root canals are faculta- 
tive and obligate anaerobes, anaerobic techniques for 
handling and incubation of cultures are essential for 
accurate results. This requirement can be fulfilled by 
incubation in anaerobic jars or even better in an anaero- 
bic box, which allows work with samples and cultures as 
well as incubation in an oxygen-free atmosphere. In 
order to facilitate the identification of facultative anaero- 
bic and capnophilic (thrives in conjunction with carbon 
dioxide) bacteria, a set of agar plates is incubated in air 
supplemented with carbon dioxide. Generally, one or 
two colonies of each type are subcultured for identifica- 
tion. Because different bacteria may have similar colony 
morphologies, for some purposes it is better to isolate a 
large number of colonies. 

Direct microscopy 

Direct observation with phase-contrast or dark-field 
microscopy, scanning electron microscopy or microscopy 
of Gram-stained smears, enables observation of all mor- 
phological types present - even those not recovered in 
cultures (18). The presence of specific bacteria may be 
assessed in smears stained with the indirect immuno- 
fluorescent technique (3). Fluorescence microscopy in 
conjunction with live/dead stains can be used to visual- 
ize morphologically different types (Fig. 6.10), although 
the reliability of such stains for viable versus non-viable 
is far from optimal (31). A wide range of fluorescent 
probes is commercially available; when combined with 
fluorescence microscopy these allow assessment of the 
physiological state of individual microorganisms in a 
sample. These physiological probes are designed to 
target different cellular functions such as metabolic 
activity, cell-membrane integrity, membrane potential, 
enzyme activities and nucleic acid synthesis (for review, 
see Ref. 27). They are valuable tools, e.g. when evaluat- 
ing the antimicrobial effect of bactericidal compounds on 



complex microbial communites, such as those existing in 
root canals. 

One promising approach that allows visualization and 
also permits examination of microorganisms in complex 
matrices is the use of fluorescence in situ hybridization 
(FISH) techniques. The preferred mode of observation is 
by CLSM with fluorescent oligonucleotide probes target- 
ing the ribosomal RNA (rRNA) of bacteria (2). Using this 
approach, microorganisms are fixed to stabilize the 
morphology and make the cell membrane permeable to 
allow the labeled probes to diffuse to their intracellular 
rRNA targets (45). Failure to detect target cells by FISH 
is most often caused by lack of cell permeability, low 
cellular ribosome content or inaccessibility of the probe 
binding site based on the higher-order structure of the 
ribosome (1). FISH techniques have been successfully 
employed to detect and also, to a certain extent, identify 
specific bacteria species in sections of apical lesions (59). 

Methods for identification 

Precise identification, at the species level, of endodontic 
isolates is time consuming and costly and sometimes not 
possible because many members of the oral microflora 
are not yet sufficiently characterized. Some are even 
impossible to culture. Detailed identification of micro- 
organisms is, however, essential for research, e.g. con- 
cerning the etiology of different periapical disease states 
and the role of certain bacteria or microbial combinations 
in disease progression and treatment outcome. 

Bacterial isolates from culture can be grouped simply 
on the basis of certain characteristics, such as colony mor- 
phology and pigmentation, cell morphology, the pres- 
ence or absence of motility, Gram-staining reaction and 
facultative or obligate anaerobe. Genus or species identi- 
fication requires several biochemical tests for enzyme 
activities and end-products, possibly with commercial 
test kits. Unknown isolates must be compared with 



Fig. 6.10 Visualization of bacteria in root canals, (a) 
Viability stain (BacLight LIVE/DEAD) of a microbial bio- 
film containing numerous filamentous microorganisms 
and coccoid forms. Fluorescent green represents viable 
whereas orange represents membrane-damaged bac- 
teria, (b) This biofilm was obtained from a root canal 
with a necrotic pulp. (From Chavez de Paz (14).) 




106 The Necrotic Pulp 



reference strains of defined species. Similarities between 
strains can be examined with advanced methods such as 
DNA-DNA homology analysis or protein profiles of cell 
extracts by polyacrylamide gel electrophoresis. With the 
"checkerboard" DNA-DNA hybridization method, DNA 
extracted from endodontic samples has been reacted 
with DNA probes from up to 40 bacterial species, with 
results indicating the presence of many of these species 
(67). Such methods designed to detect specific bacteria 
are only reliable if appropriate specific DNA probes are 
available. So far, they seem less suitable for endodontic 
microbiology, where the presence of any of a large 
number of oral as well as non-oral species is of interest. 

Molecular genetic techniques hold great promise for 
the examination of endodontic samples (67). Elimination 
of the need for culturing means that the (probably 
numerous) unculturable bacteria can be included. The 
method currently dominating the field is based on 
sequence analysis of the 16S subunit rRNA gene, which 
can be applied to identification on different levels (bacte- 
ria in general, bacterial order- or family-specific, species- 
specific and subspecies). In this approach, nucleic acids 
are directly extracted from samples without any prior 
cultivation; amplification is then performed using uni- 
versal primers targeting conserved segments of the 16S 
rRNA gene, and identification is based on similarity with 
sequences deposited in public ribosomal gene data bases 
(50). Even if the sequence is unknown from previous 
work, it can be placed in relation to known organisms 
and other sequences in nature. Methods have focused 
on 16S rRNA genes because the molecule is universally 
distributed, has some extremely conserved segments as 
well as variable regions, and yields an RNA product that 
has many copies per cell and can be used directly as a 
hybridization target. With this approach, 16S rRNA gene 
sequencing has been used to identify both known and 
currently unknown microbial species in samples of 
infected root canals (56). 



Composition of the endodontic microflora 

The recent application of molecular methods to the iden- 
tification of oral bacteria has resulted in the detection 
and identification of a large number of novel taxa; previ- 
ously uncultivated or cultivated but not identified. An 
estimated 700 oral bacterial species have been identified 
by nucleotide sequence analysis of the 16S rRNA subunit 
and less than 50% of these species cannot, as yet, be 
cultured in the laboratory (66). The polymicrobial nature 
of root canal infections has been confirmed by 16S rRNA 
gene sequencing (55) and future studies using culture- 
independent approaches will ensure characterization of 
the full diversity and improvements in the taxonomy of 
the endodontic microflora. 



Oral microorganisms in the necrotic pulp 

The microorganisms in root canal samples from decidu- 
ous as well as permanent teeth are predominantly the 
same bacteria as those found in dental plaque, peri- 
odontal pockets and carious lesions (36, 51). The majority 
of isolates in initial cultures are obligate anaerobic 
bacteria. These constituted 91% of the isolates from 
closed necrosis (63), 90% of isolates from necrotic pulps 
of deciduous teeth (51) and 68% from the apical part of 
necrotic pulps in carious teeth (5). A large proportion of 
the anaerobes are asaccharolytic, peptide- and amino 
acid-degrading bacteria (51, 62). 

The many genera and species currently identified in 
root canal samples comprise obligate anaerobic and fac- 
ultative anaerobic oral bacteria (5, 6, 43). The genera most 
commonly isolated from root canals are summarized in 
Core concept 6.4. Among the streptococci, S. anginosus, 
S. intermedins, S. constellatus, S. mitis, S. oralis, S. gordonii, 
S. sanguinis and S. parasanguinis are common, and in 
carious teeth also S. mutans. It was suggested (39) that 
S. sanguinis and S. salivarius often occur in root canal 
cultures due to contamination with saliva or invasion 
through leaking temporary fillings. Lactobacilli are 
mainly found in teeth with caries. Actinomyces israelii (as 
well as other Actinomyces species) may be present, and 
sometimes actinomycotic apical lesions develop (48). 

Black-pigmented bacteria of the genera Porphyromonas 
and Prevotella have attracted much attention as potential 
pathogens in endodontic as well as in periodontal micro- 
biology (24). These anaerobic, Gram-negative rods are 
common isolates from necrotic pulps before treatment, 
especially the Prevotella species Pr. nigrescens, Pr. interme- 
dia, Pr. tannerae, Pr. melaninogenica, Pr. denticola and 
Pr. buccae, as well as the Porphyromonas species P. endodon- 
talis and P. gingivalis. Other oral bacteria commonly 
found are species of Peptostreptococcus, Eubacterium, 
Veillonella, Fusobacterium, Selenomonas, Campylobacter, 
Neisseria, Capnocytophaga, Eikenella and Treponema, the 
latter generally demonstrated by direct microscopy. 
Some species such as Treponema denticola and Bacteroides 
forsythus, which are difficult to culture, have been dem- 
onstrated with DNA techniques applied directly to root 
canal samples (57). 

Yeasts of the genus Candida and sometimes other fungi 
are common members of the resident oral microflora 
(36). Yeasts have also been observed by electron micros- 
copy in root canals that had been exposed to the oral 
cavity (33, 53), and in biopsy specimens from root filled 
teeth with therapy-resistant apical lesions (47). In many 
older cultural studies, yeasts alone or together with 
bacteria are reported in up to 17% of cases (for a review, 
see Ref. 68). In a study of 967 samples cultured from 
unfilled root canals with therapy-resistant infection (68), 
yeasts were found in 7%, sometimes in pure culture but 
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Core concept 6.4 The microbiota of the root canal 



Gram-positive cocci 
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Gram-negative cocci 
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Obligate anaerobes 
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Peptostreptococcus 
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Campylobacter 



Spirochetes 




Usually a mixture of several oral bacterial species is found in root canals. The most common genera of microorganisms in infected canals are shown 
above. 



more often together with bacteria. A surprisingly high 
prevalence (40%) of yeasts (in most cases together with 
bacteria) was demonstrated in pus from dentoalveolar 
abscesses from deciduous teeth in children with nursing 
bottle caries, a condition known to favor the growth of 
yeasts in the mouth (64). In case endodontic treatment 
fails to eliminate the infection, a wide range of micro- 
organisms may be recovered (see Key literature 6.2). 



Bacteria of extraoral origin in the necrotic pulp 

Facultatively anaerobic, enteric bacteria are frequently 
found in root canals, sometimes in initial samples but 
especially in samples taken later during treatment in the 
case of poor response or during retreatment of failed 
root fillings (13, 41, 61). By far the most common species 
in this group is Enterococcus faecdis (formerly Streptococcus 
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Key literature 6.2 Bacteria persisting after root canal treatment 



Gram-positive cocci 

• Staphylococcus (19) 

• Enterococcus (46) 

• Peptostreptococcus (1 5) 

• Streptococcus (1 00) 

Gram-positive rods 

• Actinomyces (20) 

• Bifidobacterium (22) 

• Clostridium (4) 

• Eubacterium (11) 

• Lactobacillus (97) 

• Propionibacterium (20) 

Gram-negative cocci 

• Veillonella (10) 

Gram-negative rods 

• Enterobacteria (1 1 ) 

• Fusobacterium (1 1 ) 

• Porphyromonas (1 ) 

• Prevotella (16) 

Yeasts 

• Candida (2) 



Sample 1 



Gram-positive cocci 

• Enterococcus (18) 

• Streptococcus (24) 

Gram-positive rods 

• >4ct/nomyces (7) 

• Bifidobacterium (3) 

• Clostridium (1 ) 

• Eubacterium (2) 

• Lactobacillus (23) 

• Propionibacterium (7) 

Gram-negative rods 

• Enterobacteria (1 ) 



Sample 2 



Gram-positive cocci 

• Enterococcus (2) 

• Streptococcus (1 ) 

Gram-positive rods 

• /Act/nomyces (1 ) 

• Lactobacillus {A) 

• Propionibacterium (3) 



Sample 3 



The most commonly found microorganisms in root canals during root canal treatment. The number within brackets represents the isolation frequency 
of the microorganism. 

In a series of studies, a total of 276 teeth with apical periodontitis undergoing root canal treatment were microbiologically analyzed (1 3). In samples 
taken after initiation of treatment (Sample 1 ), microorganisms were detected in 1 83 teeth of which Gram-positive cocci and rods accounted for 87% 
of the total number of isolates. In a subsequent sample after 2 weeks (Sample 2), microorganisms were found in 78 teeth and the most frequently 
isolated microorganisms belonged to the genera Enterococcus, Lactobacillus and Streptococcus. In a third sample in another 2 weeks (Sample 3), 1 1 
teeth presented growth, with Lactobacillus spp., Propionibacterium spp. and Enterococcus spp. being the most prevalent. 



jaecalis), which is the only isolate from many of these 
cases. Other enteric bacteria isolated comprise species 
of Enterobacter, Acinetobacter , Proteus, Klebsiella and 
Pseudomonas. It is not clear whether these bacteria are 
present initially and become predominant during treat- 
ment, or enter the canals later owing to failures in aseptic 
technique and temporary seals. Staphylococcus species are 
also among the bacteria occasionally present in root canal 
cultures, in some cases probably as a contaminant from 
the skin. 

Virulence factors 

The oral microorganisms are opportunistic (potential) 
pathogens and can cause disease if they colonize a loca- 
tion where host defense mechanisms are unable to elimi- 
nate them (Core concept 6.5). Any microflora which 
succeed in colonizing the root canal seem to produce 



quite severe disease. Yet, there is no single or unique 
pathogen. Therefore endodontic treatment should be 
directed at combating the entire microbiota (see Chapter 
9). The presence of different complex mixtures of micro- 
organisms in root canals is typical. The sum of several 
virulence factors produced by the consortia of micro- 
organisms present will determine the degree of pathoge- 
nicity (Advanced concept 6.3). Information on virulence 
factors is limited to examples in certain oral species that 
have attracted attention, mainly as potential pathogens 
in periodontal disease (36). Some of these are also com- 
mon in endodontic samples and similar pathogenic 
mechanisms are likely to be active in apical periodontitis 
lesions (62). 

A distinct feature of apical periodontitis is that host 
defense mechanisms are unable to remove micro- 
organisms located outside their reach in the necrotic 
pulp and on the walls of the root canal. In addition, some 
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Core concept 6.5 Polymicrobial opportunistic 
infection 



Apical periodontitis is a polymicrobial, opportunistic infection 
caused by resident oral microorganisms becoming pathogenic 
when they colonize the necrotic pulp, root canal walls, dentin and 
cementum. 

There is no single or unique pathogen. 
Several potential virulence factors expressed by various species in 
root canal environments may contribute to the collective pathoge- 
nicity of the endodontic microflora. 



Advanced concept 6.2 Some microbial virulence 
factors implicated in apical 
periodontitis 



Colonization of root canal 

Surface components for adhesion and coaggregation 
Enzymes to get nutrients 
Microbial food chains 

Evasion of host defenses 

Location 

Immunoglobulin-degrading proteases 

Complement-degrading proteases 

Capsules 

Inhibition of phagocytes 

Direct tissue damage 

Proteases and other enzymes 
Cytotoxic metabolic products 
Lipopolysaccharide endotoxins 

Indirect tissue damage due to inflammatory response to the 
microorganisms 

Cytokines 

Proteases and other enzymes from host cells 



microorganisms can impair host defense, with enzymes 
degrading plasma proteins such as immunoglobulins, 
complement factors, proteinase inhibitors and proteins 
involved in the clotting, fibrinolytic and kinin systems 
(62). Such enzymes have been demonstrated in 
Porphyromonas and Prevotella species and may offer 
protection to the whole microbial community, not only 
to the producers. Phagocytosis is of paramount impor- 
tance in host defense. Although leukotoxin-producing 
(phagocyte-killing) bacteria are rare in the endodontic 
microflora, several of the bacteria commonly found can 
evade phagocytosis or resist intracellular killing in 
various ways. One such mechanism is the above- 
mentioned degradation of plasma proteins essential for 
opsonization, and another is the presence of a capsule 
around some bacteria (36). 

Direct damage to the apical connective tissue and bone 
may be caused by extracellular bacterial enzymes such as 



proteases, collagenase, hyaluronidase and chondroitin 
sulfatase. These enzymes are produced by several 
species isolated from root canals, notably Prevotella, 
Porphyromonas, Peptostreptococcus, Eubacterium and 
Treponema species (25). The endodontic microflora also 
produce cytotoxic metabolites, which may damage the 
tissues and cause inflammation. Examples are: ammonia, 
amines, indole, hydrogen sulfide, methyl mercaptan, 
butyrate, propionate, succinate and others (36, 62). 
Another group of cytotoxic substances are the lipopoly- 
saccharide endotoxins of Gram-negative bacteria. These 
agents act as antigenic and toxic compounds, which 
cause inflammation and induce bone resorption. 

Many virulence factors of the endodontic microflora 
can induce inflammation, and this will lead indirectly to 
host tissue damaging itself (Advanced concept 6.2). 
Although the inflammatory process serves a protective 
function, aimed at elimination of the microorganisms 
and their products, it also causes degradation of peri- 
apical connective tissue fibers and extracellular matrix, 
and osteoclasts are activated leading to bone resorption. 
In addition, dormant epithelial rests may be stimulated 
to proliferate (49). These intricate processes are described 
in Chapter 7. 



Association of signs and symptoms with 
specific bacteria 

Although most apical inflammatory processes run silently 
without giving subjective symptoms, acute manifesta- 
tions will occur (see Chapter 7). It is logical to assume that 
some microorganisms and certain mixtures are more vir- 
ulent than others and therefore more likely to cause acute 
symptoms. However, no firm correlations have yet been 
established owing to the often small number of cases 
studied (25, 60, 63). Nevertheless the risk seems increased 
where large quantities of microorganisms prevail in 
canals with mixtures of several, mainly anaerobic species. 
Insomest\idiesPorphyromonas,Prevotella,Peptostreptococcus, 
Fusobacterium and Eubacterium species were associated 
with an increased incidence of symptoms (24, 63). 

The Porphyromonas and Prevotella species forming black 
colonies on blood agar have attracted special attention in 
endodontic as well as periodontal microbiology. The 
important role of these black-pigmented bacteria in 
mixed anaerobic infections has been known for more 
than 35 years and for some of them was confirmed in a 
study of experimental infections induced in guinea pigs 
by subcutaneous injections of combinations of root canal 
bacteria (60). Persistent abscesses and transmissible infec- 
tions could only be produced with mixtures comprising 
Po. endodontalis or Pr. intermedial nigrescens. (These studies 
were conducted before " Bacteroides intermedins" was 
divided into Pr. intermedia and Pr. nigrescens.) 
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Studies of black-pigmented bacteria in cases of apical 
inflammation with and without acute symptoms (24) 
suggest that the presence of Po. endodontalis, Po. gingivalis 
or Pr. intermedial nigrescens in the mixed microflora 
increases the risk of clinical symptoms and abscess 
formation. In one of these studies of 62 cases of apical 
periodontitis (35 acute and 27 clinically asymptomatic 
cases), 37 strains of black-pigmented bacteria were 
isolated from 31 (50%) of the teeth, always in a mixed 
anaerobic microflora (24). These bacteria were cultured 
from both symptomatic and asymptomatic teeth, and 
there were also several symptomatic cases from which 
they were not isolated. However, the proteolytic species 
Po. gingivalis and Po. endodontalis were present only in 
acute infections, whereas Pr. intermedia/ nigrescens was 
found in both symptomatic and asymptomatic cases and 
Pr. denticola occurred mostly in asymptomatic root canals. 
If the canal contains black-pigmented bacteria, the meth- 
od of canal instrumentation is an especially important 
determinant in the development of post-treatment 
abscess, because these bacteria are likely to cause acute 
symptoms if pushed outside the apical foramen. 

One study (23) suggests that statistically significant 
associations exist between individual endodontic symp- 
toms and particular combinations of specific bacteria. 
Thus, pain was associated with mixtures of anaerobes 
comprising Peptostreptococcus and Prevotella species. 
Swelling was particularly associated with isolation of 
Eubacterium, Peptostreptococcus or Prevotella species, and 
even more strongly with a combination of 
Peptostreptococcus and Prevotella species. Exudate in the 
canal was significantly associated with combinations of 
Prevotella/Eubacterium species and Peptostreptococcus/ 
Eubacterium species. 

In some cases root canal bacteria seem resistant to 
treatment, as indicated by persisting exudation, linger- 
ing symptoms and sinus tracts. Cultures from such cases 
after several treatment sessions often show presence of 
streptococci, enterobacteria and yeasts. While these 
organisms may have been present from the very begin- 
ning and be relatively resistant to treatment, their pres- 
ence may often be due to contamination of canals left 
open to the oral cavity or inadequately sealed, or to other 
failures in aseptic technique (68). In studies of root filled 
teeth retreated due to persisting apical lesions, the micro- 
flora cultured differed markedly from that of untreated 
teeth. It consisted mostly of one or two species of mainly 
Gram-positive bacteria, and the most common isolate 
was Enterococcus faecalis (41, 60). 

Concluding remarks 

Bacteria in the root canal environment should be seen as 
a multicellular, microbial community, which concomi- 
tantly behaves, responds and adapts for survival. 



Root canals - whether they contain necrotic tissue, 
have been emptied by debridement or are filled with 
cement and gutta-percha - provide an environment with 
limited oxygen and fluctuating nutrient availability, in 
which many different oral microorganisms may survive 
and grow. The degree to which microorganisms tolerate 
these environmental conditions determines their success 
in establishing themselves as the cause of apical peri- 
odontitis. The presence of multiple species in root canal 
biofilms gives a greater overall potential for survival, 
growth and tolerance of environmental challenges, such 
as antimicrobial agents, than any single microbial species 
would possess. The pathogenic potential of micro- 
organisms can be modulated through the close proximity 
within a biofilm which increases the probability of inter- 
actions between bacteria through signal molecules 
and in response to environmental factors. Thus, a more 
complete understanding of the role of microorganisms 
in apical periodontitis relies on an appreciation, not only 
of the composition of the root canal biofilms, but also of 
the interactions between species and impact of the micro- 
environment upon their virulence. Such knowledge 
is critical to more readily explaining the resistance of 
root canal microorganisms to antimicrobial agents and 
sudden acute presentations of apical periodontitis as 
well as opening up new opportunities for the control 
and treatment of these mixed-species biofilm infections. 
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Introduction 

Apical periodontitis is an inflammatory lesion in the 
periodontal tissues that is caused mostly by bacterial 
elements derived from the infected root canal system of 
teeth (Core concept 7.1). In non-treated teeth apical peri- 
odontitis represents a defensive response to a primary 
infection in a necrotic pulp. Apical periodontitis may also 
develop due to a secondary infection subsequent to 
endodontic treatment procedures. Post-treatment apical 
periodontitis is most commonly due to either unsuccess- 
ful control of primary root canal infection by endodontic 
treatment measures, or infection or reinfection of the 
root canal system due to inadequate obturation and/or 
inadequate coronal seal that allowed bacterial leakage to 
take place. Inadvertent extrusion of certain medicaments 
and root filling materials into the periapical tissue 
compartment may also cause tissue toxic effects as well 
as precipitate foreign body reactions (Chapter 12). In this 
chapter the focus will be on apical periodontitis associated 
with non-endodontically treated teeth affected by root 
canal infection. It will be described in terms of biological 
function, pathogenesis and clinical as well as histological 
presentation. 



Core concept 7.1 Apical periodontitis 



As indicated by the term "apical periodontitis", the lesion typically 
develops near the tips of roots, where the root canal communicates 
with the periodontium via the apical foramen. Inflammatory peri- 
odontal lesions of endodontic origin may also emerge at other ana- 
tomical or iatrogenic openings, which may be present in the lateral 
aspects of roots or in furcations of multirooted teeth (Fig. 7.1). In these 
instances the causative agents are released along lateral or accessory 
canals. This led to the more comprehensive term periradicular lesion. 
Since most portals of exit are in the apical portion of roots, and for 
the sake of convenience, the term periapical or apical lesion is used in 
this text to designate all inflammatory lesions of endodontic origin in 
the periodontium. 




2. Lateral 



| 1. Apical 



Fig. 7.1 Potential sites for emergence of endodontic lesions in the 
periodontium. 

The nature of apical periodontitis 

Apical periodontitis serves an important protective func- 
tion, aimed at confining bacteria discharged from the 
root canal space and preventing them from spreading 
into adjacent bone marrow spaces and other remote 
sites. The process is unique in the sense that it cannot 
eradicate the source of infection. The reason is that once 
a pulp has become necrotic, defense mechanisms cannot 
operate far into the root canal owing to the lack of vascu- 
lar support. Although these mechanisms can act at the 
apical margins of the necrotic tissue, they are unable to 
penetrate it in a fully developed tooth. Consequently, 
without proper endodontic treatment apical periodonti- 
tis may prevail chronically. 

Bone resorption is a most conspicuous feature of apical 
periodontitis and is an unavoidable side-effect of the 
defensive process. Some may view it as a "price" paid by 
the host to provide the necessary, effective, immune 
response to the root canal infection. Bone loss that appears 
in radiographs serves as the main clinical indicator for 
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the presence of apical periodontitis (Fig. 7.2c), as many of 
these lesions are silent and prevail without overt clinical 
symptoms. Such lesions will be referred to in this text 
as asymptomatic apical periodontitis. Asymptomatic 
apical periodontitis is mostly biofilm derived (39). Yet, 
acute forms do occur and may develop during the 
expanding phase of the initial lesion. Lesions of symptom- 
atic apical periodontitis may also emerge as a result of a 
disturbed equilibrium between the host defense and the 
bacterial infection in an already established lesion. 
Symptomatic apical periodontitis results mostly from the 
action of planktonic bacteria (11, 39). Hence, single 
lesions of apical periodontitis can be symptomatic or 
asymptomatic at different stages of their development 
and progression. By far, most cases of apical periodontitis 
are asymptomatic. 

Pain, tenderness to biting pressure, percussion or 
palpation as well as swellings are typical clinical expres- 
sions of symptomatic apical periodontitis (Fig. 7.2a, b). 
The symptoms may vary from mild to severe. More 
dramatic clinical symptoms of apical periodontitis may 
appear and dominate when the local immune defense 
has failed to detain the infection resulting in an apical 
abscess. Although very rare, acute apical periodontitis 
may develop into a very serious and even life-threatening 
condition. Phlegmonous spread of the infection into the 
connective tissue around the upper respiratory tract, 
orbit, neck or even to the brain is alarming. Infectious 
elements released in conjunction with symptomatic 
apical periodontits may also be distributed via the blood 
stream and cause heart valve and myocardial infections 
(see Chapter 8). Even though apical periodontitis may be 
associated with such severe clinical manifestations, it 
needs to be stressed that its basic function is to contain 
root canal bacteria and not allow their dissimenation to 
distant sites (Core concept 7.2). Identification of apical 
periodontitis is directly related to the resolution of our 
examination tools; many apical periodontitis lesions that 






Core concept 7.2 Nature of the periapical lesion 



1 



Apical periodontitis develops following pulp tissue breakdown and 
the emergence of root canal infection. It represents an important host 
defense response aiming to confine root canal bacteria and prevent 
them from spreading into adjacent bone marrow spaces and other 
remote sites. Single lesions of apical periodontitis may or may not 
present with clinical symptoms including pain, tenderness and swell- 
ing. Periapical bone resorption, although representing tissue destruc- 
tion, occurs as part of the defensive process. When bacteria are 
eliminated by root canal treatment the active inflammatory lesion 
gradually subsides and bone regeneration usually takes place. 



are not seen on conventional radiographs are identified 
on CBCT (cone beam computed tomography) and 
many more may be identified only upon histological 
examination. 

On a microscopic level, different structural frame- 
works of apical periodontitis can be identified. These 
forms include apical granuloma, apical abscess and apical 
cyst. These lesions will be described here in terms of their 
general histological features while their clinical presenta- 
tion will be detailed later in the chapter. Clinically and 
radiographically these histopathological entities cannot 
be distinguished from each other or recognized, with the 
exception of abscesses with a sinus tract. 

Apical granuloma is the most common form of apical 
periodontitis and consists of an inflammatory lesion 
dominated by lymphocytes, macrophages and plasma 
cells (see also Key literature 7.1 and Advanced concept 
7.1) (Fig. 7.3). Numerous fibroblasts and connective tissue 
fibers are usually present with abundant capillaries. At 
its periphery an encapsulation attempt may often be 
found but great structural heterogeneity is the norm for 
apical periodontitis (31, 34). 

Epithelial cell proliferation is a common finding in 
longstanding apical granulomas and may occur in up to 
50% of the lesions (31, 33, 34, 45). The epithelium is 




Fig. 7.2 Different clinical presentations of apical periodontitis due to an infected necrotic pulp: (a) extraoral swelling in the left cheek region; (b) intraoral vesi- 
tibular swelling associated with the severely broken down first premolar; (c) apically positioned radiolucent area (upper left incisor). 
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Key literature 7.1 



Antigen presentation in apical 
periodontitis 



Major histocompatibility complex class II (MHC II) molecule-express- 
ing macrophages and dendritic cells were found by Kaneko etal. in 
experimentally induced periapical lesions in rats (19). The presence of 
HLA-DR+ cells, which are the human equivalent of the MHC II posi- 
tive cells, was studied in human granulomas, in a dispersed-cell cyto- 
metric flow immunochemistry study (23). Activated macrophages 
(HLA-DR+, CD14+) and mature dendritic cells (HLA-DR+, CD83+) 
were found in great numbers. Thus, antigen presentation is possible 
and likely to occur within the apical granuloma. 
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Advanced concept 7.1 Dendritic cell function 



Mature dendritic cells regulate the specific immune responses occur- 
ring during the initial phases of apical periodontitis. The activation 
phase includes cloning in regional lymph nodes of antigen specific 
lymphocytes (T-cells), which soon appear at the lesion site and later 
become a dominant cell type in the lesion. During the early active 
phase helper T-cells (CD4+) predominate over cytotoxic T-cells 
(CD8+), whereas in the more established chronic phase the situation 
becomes reversed (42, 43). This feature suggests that helper T-cells 
are active during the expansion of the inflammatory process. Thus, 
they are likely to be involved with the bone-resorptive process by 
activating macrophages to produce bone-resorptive mediators. 



believed to originate from the epithelial cell rests of 
Mallasez. Under the influence of cytokines and growth 
factors released in the inflammatory process, the nor- 
mally resting cells divide and migrate. They may form 
more or less continuous strands that seem to take a ran- 
dom course (Fig. 7.4). They may also become attached to 
the root surface (Fig. 7.5). 



Fig. 7.4 Epithelial strands in a periapical granuloma. Epithelial cell masses, 
originating from the epithelial rests of Mallasez, proliferate in periapical granu- 
lomas and form strands. Some are cut longitudinally (A) and some perpendicu- 
lar to the long axis of the strand (B). 




Fig. 7.5 Epithelial strands in a periapical granuloma that seem to attach to 
the root tip (arrows). 
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Fig. 7.3 Cells of the periapical granulomas: (a) lymphocytes (Ly), macrophages (M) and connective tissue fibroblasts (F) are the three main cells in the periapical 
granuloma, (b) Other cells like PMNs are also found but they are newcomers, not residents of the granuloma: each of them was recently recruited and will die in 
a few days. 
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Polymorphonuclear leukocytes (PMNs) are found in 
varying numbers. Often they appear close to the bacterial 
front. They may reach local dominance within a given 
area of the lesion and even form an abscess cavity. Thus, 
abscess formation can be a transient or persistent event 
within an existing apical granuloma. 

Apical abscess denotes the presence of pus within the 
lesion. Abscess formation may reflect a shift in cellular 
dynamics within a pre-existing apical granuloma or be a 
direct outcome of an acute primary infection. The influx 
of PMNs is now dramatically increased. Upon the intense 
phagocytic activity of these cells and upon their death, 
tissue-destructive elements (e.g. hydrolytic enzymes and 
reactive oxygen species) are released to the extent that 
macrophages are no longer able to keep up with clearing 
and repairing the cell and tissue damage induced. 
Connective tissue constituents such as collagen and 
hyaluronic acid are degraded and the tissue in the center 
of the lesion is liquefied. In the periphery, granuloma- 
tous tissue may persist. 

Consequently, a continuum exists between apical 
abscesses and apical granulomas. While in some cases 
apical granulomas may contain only small numbers of 
infiltrating PMNs, other cases present with a massive 
influx of PMNs, leading to tissue liquefaction and pus 
formation. 

An apical cyst is an epithelium-lined cavity that 
contains fluid or semi-solid material and is commonly 
surrounded by dense connective tissue variably infiltrat- 
ed by mononuclear leukocytes and PMNs (Figs 7.6 and 
7.7). The cyst cavity is most commonly lined with 
stratified squamous epithelium of varying thickness that 
originates from the epithelial rest cells of Malassez. 
Rarely, the lining may be ciliary epithelium originating 
from the adjacent maxillary sinus. The epithelial lining 
may be continuous, but may also be disrupted or 
even completely missing in certain areas of the cavity. It 
should be noted that apical cysts may also become 
abscessed. 

In contrast to periapical granulomas, some apical cysts 
appear never to arrive at a steady state. They may slowly 
expand over time and eventually, if left untreated, may 
consume a considerable portion of the surrounding bone 
(Fig. 7.8). 

Apical cysts are divided into pocket cysts (bay cyst) and 
true cysts (29, 33, 34) (Fig. 7.9). A pocket cyst is an apical 
inflammatory cyst that contains a sac-like, epithelium- 
lined cavity that is open to and continuous with the root 
canal space. True apical cysts, on the other hand, are 
located within the periapical granuloma with no appar- 
ent connection between their cavity and that of the root 
canal space. 

The mechanism by which cysts are formed, grow and 
expand is not well understood, but is most likely to 
involve inflammatory mediators that are present in the 
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Fig. 7.6 Lining of a periapical cyst. Stratified squamous epithelium forms the 
lining of a periapical cyst which formed within a granuloma. A = granuloma; 
B = epithelial lining; C = cyst cavity. 




Fig. 7.7 Sections through a soft-tissue lesion encompassing an apical cyst. 
In this case, the cyst lumen was filled with cholesterol crystals. (From Ricucci 
and Bergenholtz (38). Reproduced with permission from Wiley-Blackwell.) 



tissue lesion (13) (for cyst formation theories see also 
Advanced concept 7.2). 

Given the presumed mechanisms of pathogenesis 
(Advanced concept 7.2), epithelial growth in some apical 
cysts ceases when the stimulating factors are eliminated, 
for example after proper endodontic treatment. 
Subsequently the epithelium lining may become thin 
and even disappear and thus provide conditions for 
healing. 

In some cases both the cyst capsule and the cyst cavity 
may contain cholesterol, which forms oblong needle-like 
crystals (Fig. 7.7). In tissue sections the crystals are not 
seen but appear as typical tissue clefts resulting from the 
dissolution of the cholesterol during histological tissue 
processing. The crystals are formed in the connective 
tissue of the cyst capsule and are gradually moved 
towards and into the cyst cavity. They attract multinu- 
clear giant cells of the foreign body type and, thus, elicit 
a foreign body response in the connective tissue (28). The 
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Fig. 7.8 Different clinical presentations of apical cysts. Radiographs in (a) and (b) demonstrate two radiolucent areas; one small associated with tooth 33 and 
one large with extension in a distal-coronal direction on tooth 34. Although the size and shape of a radiolucent lesion are not definitive criteria for cyst formation, 
there are other features suggestive of apical cyst. On opening tooth 33 for endodontic treatment, clear exudates drew off from the root canal (c). It was not possible 
to stop the exudation and this prevented completion of endodonic therapy. At the buccal and distal aspects of tooth 34 there was a distinct prominence that was 
hard and not tender to palpation (d). On raising a flap for enucleation of both processes, the expansive process is more clearly visible (e). Thin bone tissue limited 
the fluid-filled process at the surface. Histological examination of a tissue specimen confirmed the diagnosis. 




Pocket cyst 
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True cyst 



Fig. 7.9 Radicular cysts may appear in two configurations: a pocket cyst 
(a) where there is direct communication between the cyst cavity and the root 
canal space; and a true cyst (b) where no such pathway exists. 



Advanced concept 7.2 Cyst formation mechanisms 



The mechanism of cyst formation in periapical inflammatory lesions 
has been the subject of much debate (34, 45, 52). Two main theories 
were proposed. The "nutritional deficiency theory" assumes that epi- 
thelial proliferation results in an epithelial mass that is too large for 
nutrients to reach its core, resulting in necrosis and liquefaction of the 
cells in the center. PMNs are attracted by the necrotic material, which, 
together with tissue exudate, result in microcavities that eventually 
coalesce to form the cystic cavity (34). The "abscess theory" assumes 
that tissue liquefaction occurs first, at the central part of an abscess. 
The peripheral aspect of the cavity is later lined by proliferating epi- 
thelium, owing to the inherent nature of epithelial cells to cover 
exposed connective tissue surfaces. 

The exact mechanism for the subsequent slow increase in the size 
of radicular cysts has not received an explanation. Some believe that 
increased osmotic pressure in the cyst's cavity is a key element (41). 
Increased osmosis leading to passage of fluid from the surrounding 
tissue into the cyst lumen is likely to occur owing to breakdown of 
epithelial and inflammatory cells. Furthermore, cyst expansion is also 
related to the release of bone-resorbing factors from mononuclear 
leukocytes present in the cyst wall, including interleukins, mast cell 
tryptase and prostaglandins (10, 13, 24, 53). 
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crystals are thought to derive from disintegrating red 
blood cells in stagnant vessels of the lesion. Inflammatory 
cells and circulating plasma lipids are other proposed 
sources (2). 



Interactions with the infecting microbiota 

Microbial infection is an absolute prerequisite for the 
emergence of apical periodontitis in a non-treated tooth 
(6, 46). Necrotic tissue alone in the pulpal space is unable 
to sustain inflammatory lesions in the periapical tissue 
environment. For example, following an ischemic injury 
by trauma, total pulp necrosis may develop without 
bacterial involvement (see Chapter 15); apical periodon- 
titis will not be established unless the pulpal space is 
infected (6, 46). This may occur sooner or later as necrotic 
tissue, like anywhere in the body, serves as a growth 
medium ready for microbial colonization. 

The course and the severity of the tissue response to 
root canal infection depend on the microbial load 



(number of organisms and their pathogenic potential, 
see Chapter 6), the state of the defense potential of the 
host and time. Acute and severe forms may develop 
at initial stages when microorganisms have rapidly 
increased in numbers and overwhelmed the local 
immune defense. This scenario is related mostly to 
bacteria in their planktonic state, which allows fast 
growth of organisms. Certain pathogens seem prone 
to cause acute processes. Organisms belonging to 
the anaerobic segment of the microbiota, including 
genera of Porphyromonas, Prevotella, Fusobacterium and 
Peptostreptococcus, are more often associated with symp- 
tomatic and painful lesions of apical periodontitis than 
are other types of organisms (12, 46, 49). 

Bacterial elimination 

Bacterial elimination in periapical lesions is carried out 
by PMNs. All other constituents and processes in apical 
periodontitis may be viewed as serving this ultimate goal 
(Fig. 7.10). Local recruitment of PMNs from the capillaries, 
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Fig. 7.10 Cells and functions in the periapical granuloma. Bacterial antigens derived from the infected root canal are taken by antigen presenting cells (APC), 
processed and presented to the T-lymphocytes (T). A dual signal of antigen presentation with IL-1 activates the T-lymphocytes. Cytokines produced by these 
activated cells include (a) IL-4, IL-5 and IL-6, which induce proliferation and maturation of a specific clone of B-lymphocytes (B) that were exposed to this specific 
antigen, to result in plasma cells producing IgG specific to this antigen; (b) INFy which serves to activate macrophages which in turn will produce the IL-1 essential 
for local recruitment of circulating PMNs and IL-8 which activates these PMNs. Bacterial endotoxin (LPS), derived from Gram-negative bacteria, synergistically 
participates in the activation of macrophages. All the above is aimed to allow effective specific phagocytosis by the PMNs of any bacterium emerging from the 
apical foramen. Bone resorption is a side-effect of the above defensive process, mediated by TNFp, produced by the activated T-lymphocytes and IL-1 (3, produced 
by the activated macrophages. Both activate osteoclastic bone resorption (OC). 
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by ICAM-1-mediated margination, depends on inter- 
leukin-1 (IL-1) and tumor necrosis factor alpha (TNFoc) 
derived from activated macrophages. Specific immuno- 
globulins are essential for effective phagocytosis. Their 
local production requires antigen presentation followed 
by activation of specific T-lymphocytes to produce a set 
of cytokines that will allow proliferation of antigen- 
specific B-lymphocytes and their maturation into specific 
IgG-producing plasma cells, and interferon gamma 
(INFy) activates macrophages to produce the IL-1 and 
TNFoc required for the above tasks, as well as IL-8 which 
further activates the PMNs. All this elaborate network of 
cells and events serves one cause: bacterial elimination 
by PMNs (Fig. 7.10). See also Advanced concept 7.3. 

The bacterial front line 

Bacteria causing apical periodontitis will normally 
remain confined to the root canal space and rarely be 
able to survive and establish themselves in the apical 
lesion per se. In the process of pulpal breakdown, for 
example after carious exposure, bacteria will gradually 
gain terrain and move their front towards the apex, 
depending on how effective the host response is in limit- 
ing further bacterial colonization in the pulp tissue. In 
due course, however, the host tissue-bacterial front will 
be established in the vicinity of or at the exit of the apical 
foramen. In fact observations by Nair (28), following 
histological examination of teeth with severe caries, 
indicated that the exact position of the bacterial front is 
unpredictable. He found that the level could often be 
well inside the apical foramen, where PMNs were 
engaged in phagocytic activities and obviously prevented 
further dispersion of bacterial elements detached from 
the root canal biofilm. Yet, PMNs have a hard task deal- 
ing with those organisms that are already attached in a 



biofilm structure. This means that there is a constant 
battle between the attempts of organisms to spread and 
the host defense to curb dissemination of detached 
bacteria. 

Although bacteria are most often only transient visi- 
tors which are readily killed, they may nevertheless find 
their way into the lesion tissue and establish themselves 
in the lesion more or less permanently (Fig. 7.11). The 
term extraradicular infection has been introduced in this 
context. Two types of such infections can be discerned: 

1. Bacteria in chronic abscesses, with a persistent sinus tract. 
Viable bacteria can usually be isolated from the 
exudate in these cases. The source may be bacteria 
that emerged from the root canal space which the 
PMNs failed to kill. This may be attributed to various 
phagocytosis-evading mechanisms held by these 
bacteria. Such bacterial presence will cease in most 
cases after adequate endodontic treatment (see 
below). 

2. Bacterial cluster formation in the lesion tissue per se. Some 
strains of Actinomyces israeli and Propionibacterium 
propionicum have an inherent ability to grow in 
clumps and thereby prevail in the soft-tissue lesion of 
apical periodontitis (39). Such aggregations may 
become too large for phagocytosis. Because the bacte- 
rial cells are out of reach for phagocytosis a chronic 
infection may ensue that cannot be managed by con- 
ventional endodontic treatment. 

Evidence has also accumulated to indicate that other 
bacteria may aggregate and survive outside the root 
canal space (Advanced concept 7.4). 

Another form of bacterial aggregate may sometimes 
be found on the external root tip surface with a biofilm 
structure (36, 37, 54) (Fig. 7.12). The frequency at which 
such bacterial biofilms occur is not well established, but 
they have been described in several case reports. 



Advanced concept 7.3 



Complement functions in 
apical periodontitis 



The complement system has a crucial role in recruitment of PMNs to 
the lesion site. Complement activation may occur either through 
bacterial antigens reacting with specific IgG or IgM (the classical 
pathway) or directly by bacterial cell wall constituents such as LPS 
(the properidine pathway). It results in formation of C3a and C5a that 
cause mast cell degranulation thus releasing vasoactive amines that 
cause local vasodilation and increased vascular permeability. C5a 
serves also as a chemotactic factor, which directs the migration of 
PMNs. The opsonin C3b is another essential complement activation 
product, which binds to the surface of bacteria to allow effective 
phagocytosis by PMNs via their C3b receptor. Thus, complement 
activation is essential for bacterial elimination by the PMNs. It also 
has a major role in causing edema, a key mechanism in endodontic 
flare-ups. 




1. Inside 

the root canal 



2. At 

the apical 
foramen 



3. Within 

the lesion perse 



Fig. 7.11 Potential positions of the bacterial front in a necrotic pulp: 
(1 ) inside the root canal at a small distance from the apical foramen; (2) at the 
apical foramen; (3) within the lesion perse. 
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Advanced concept 7.4 



Evading phagocytosis by 
bacterial coaggregation 



Certain bacteria, such as Actinomyces Israeli and Propniobacterium 
proprionicum, may survive and grow in the periapical tissue as aggre- 
gates that can escape phagocytosis by PMNs. Other bacteria may 
gain a similar benefit from coaggregation between cells of different 
species, mediated by cell surface adhesins. Fusobacterium nucleatum 
and certain strains of Porphyromonas gingivalis coaggregate through 
surface adhesins on the former {F. nucleatum) that recognize galac- 
tose residues on the latter {P. gingivalis) (26, 57). The same adhesin 
also allows adhesion of F. nucleatum to host cells that express galac- 
tose residues (57). This may in turn mediate attachment of bacterial 
coaggregates to host cells in the periapical lesion, thus facilitating 
colonization and extraradicular persistence of bacteria. 




Bacterial 
film on 
the external 
root surface 



Nests of Actinomyces 

Fig. 7.12 Bacteria may occur in the lesion either as a film on the external 
root surface or as nests, as in this example. 

Bacterial clusters within the tissue as well as bacterial 
biofilms on the external root structure may persist after 
conventional endodontic treatment even though the 
root canal infection has been eliminated. Both types of 
infection, thus, represent a true extraradicular infection. 

The formation of the lesion 

Bone resorption is the hallmark of apical periodontitis. It 
has been, traditionally, presented as a deliberate removal 
of the bone from the source of infection to form a "buffer 
zone" but should rather be viewed as a negative, 
unavoidable, side-effect of the battle between the 
immune response and the infection in the root canal. 

The process of bone resorption is carried out by osteo- 
clasts. The recruitment and activation of these cells are 
mediated by a variety of potential mediator molecules. 
Among these the cytokines IL-lp and TNFp are the two 
most important and are produced by activated macro- 
phages (IL-1(3) and T-lymphocytes (TNFp) (see Key liter- 
ature 7.2, 7.3 and Advanced concept 7.5). These cells are 
activated in the periapical tissue in order to enable an 
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Bone resorption in apical 
periodontitis 






Many molecules that may cause bone resorption in organ culture in 
vitro were also found in periapical lesions. It was postulated that they 
were involved in the process of bone resorption, allowing develop- 
ment and maintenance of the lesions. It was not until the critical 
study by Wang and Stashenko (56) that the agents actually responsible 
for bone resorption in human periapical lesions were identified from 
the large number of those that could potentially be involved in the 
process. Extracts from surgically removed human periapical lesions 
were processed by gel chromatography and fractions with bone 
resorbing activity were subjected to the neutralizing effect of anti- 
bodies specific to the various inflammatory cytokines. It was conclud- 
ed that the two agents responsible for most of the bone resorbing 
activity found in these extracts were IL-1 p and TNFp (56). The first is 
mainly produced by activated macrophages; the second by activated 
T-lymphocytes. 



Key literature 7.3 



Are T-cells essential for 
formation of periapical lesions? 



' 



For a long time activated T-lymphocytes were considered the key cells 
responsible for the formation of periapical inflammatory lesions. 
Studies by Tani-lshii et al. (50) and Wallstrom et al. (55) were con- 
comitantly carried out with the aim of confirming this point. In both 
studies athymic animals, which lack T-lymphocytes, were used. 
Contrary to previous assumptions, both studies observed that experi- 
mental periapical lesions developed at the same rate in both groups 
of animals, i.e. in those lacking T-lymphocytes as well as in normal 
animals. This finding served as a turning point for the understanding 
of the central role of activated macrophages in the process (25, 27). 
In the athymic animals macrophages were probably activated directly 
by bacterial endotoxin (LPS) with no vital role for the T-lymphocyte- 
derived interferon-y (INFy); until then INFy was considered to be 
essential to the formation of the lesion (42). 



Advanced concept 7.5 



Helper T-cell functions in 
apical periodontitis 



1 



T helper (CD4+) lymphocytes may be divided according to their cyto- 
kine expression pattern and classified as either T helper-1 (Th1) cells 
that produce and secrete IL-2 and interferon-y (INFy) or Th2 cells that 
produce and secrete IL-4, IL-5, IL-6, IL-1 and IL-1 3. Th1 type cyto- 
kines augment cytotoxic T-cell functions and stimulate proinflamma- 
tory cytokine production in other cells, such as macrophages, while 
Th2-type cytokines participate in B-cell stimulation, to mount a 
humoral immune response, and in downregulation of inflammatory 
reactions (14, 35). 



effective protective immune response (see Core concept 
7.2 and Advanced concept 7.6). Cyclooxygenase prod- 
ucts, such as PGE 2 , also contribute to the process of 
periapical bone resorption (43, 56). 
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Advanced concept 7.6 



Regulation of local bone 
resorption. 



^ 



IL-ip, produced by activated macrophages, and TNFp, produced by 
activated T-lymphocytes, are responsible for the local bone resorption 
in apical periodontitis. Nevertheless, osteoclasts do not have recep- 
tors for these cytokines and require other cells to trigger them. IL-1 (3 
and TNFp engage receptors on osteoblasts and bone stromal cells, 
thus triggering these cells to express the surface ligand osteoprote- 
gerin ligand (OPGL, RANK ligand) (21, 44, 51) (Fig. 7.13). OPGL- 
receptors {receptor activator of nuclear factor kB, RANK) are found on 
preosteoclasts and on osteoclasts. Engagement of the receptors on 
nearby preosteoclasts activates these cells to become multinucleated 
osteoclasts. Similar engagement of the receptors on existing osteo- 
clasts activates them to express an active ruffled border and resorb 
bone. Both OPGL (RANK ligand) and its receptor on the preosteoclasts 
and osteoclasts (RANK) are cell-bound molecules. Thus, proximity of 
the cells expressing OPGL and those carrying its receptor is essential 
for this process to take place (51 ). This activation process is downreg- 
ulated by a soluble mediator, osteoprotegerin (OPG), which competi- 
tively inhibits osteoclast activation by binding to the OPGL, thus 
blocking it and preventing the engagement of the receptors on the 
osteoclasts and preosteoclasts (51). This process explains how osteo- 
clasts, which do not have IL-1 p- or TNF(3-receptors, are locally acti- 
vated by these cytokines. 



In the early phases of apical periodontitis, osteoclasts 
are abundant and outperform bone-forming osteoblasts. 
Consequently the net result is loss of bone tissue within 
a limited area near the exit of main apical foramina and/ 
or accessory canals. For the lesion to be visible radio- 
graphically, a certain amount of bone must be removed. 
Therefore early developing lesions are not detectable in 
radiographs. 

Along with the process of bone resorption some apical 
parts of the root may be lost as well. However, root 



resorption will be much less pronounced, and is often 
visible only in microscopic sections and seldom in radio- 
graphs. Yet, root tips may sometimes be shortened and 
the apical end of the root canal widened to the extent 
that the original configuration of the apical foramen 
anatomy is altered (Fig. 7.14) (38). 

The equilibrium between bacteria and the host 

Apical granuloma and apical abscesses represent two 
distinct types of equilibrium established between the 
bacterial attack and the host defense. A major difference 
between these two conditions is in the extent of PMN 
influx to the area. 

In the apical granuloma bacteria that occasionally 
emerge through the apical foramen are readily phagocy- 
tosed and eliminated (Core concept 7.2). PMNs recruited 
to the lesion site play a central role here and form the 
first line of defense. Following leaving the vasculature 
they are relatively short-lived and, once engaged in 
phagocytosis and bacterial killing, PMNs will spontane- 
ously die within a short period of time. The disintegrated 
PMNs and the remaining dead bacteria will be taken up 
by an abundance of macrophages. Histological sections 
of such lesions will show mainly the long-lived cells such 
as macrophages and lymphocytes. PMNs will be seen 
only in small numbers within established periapical 
granulomas, either at the apical foramen or on their way 
from adjacent blood vessels to where bacteria are found. 

As already stated, an apical granuloma may occasion- 
ally develop either into an acute apical abscess or into 
a chronic abscess that maintains a suppurating sinus 
tract. This event is most likely induced by a shift in the 
bacteria-host equilibrium. The shift may be quantitative, 
qualitative, or both. If the amount of bacteria introduced 
into the lesion suddenly increases, the amount of 
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Fig. 7.13 Osteoclast activation by RANK. When exposed to bone-resorbing cytokines, osteoblasts and stromal cells express RANK on their surfaces. Engagement 
of OPGL (RANK ligand) on the surface of osteoclasts with RANK activates them to express ruffled border and resorb bone. Mononuclear preosteoclasts are similarly 
activated to develop into mature multinucleated osteoclasts. The process is downregulated by a soluble mediator OPG which competitively inhibits the above 
activation. 
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Fig. 7.14 Lower molar with extensive caries and apical periodontitis (a) presenting with a large area of root resorption inside the most apical portion of the 
mesial root (b). (From Ricucci and Bergenholtz (38). Reproduced with permission from Wiley-Blackwell.) 



complement-derived chemotactic factors will increase, 
followed by an increased number of PMNs reaching the 
area per given time period as well as increased vascular 
permeability and fluid extravasation. As this response 
can be associated with pain and swelling it is known as 
an endodontic flare-up (see further bellow). In cases 
when the increased amount of bacteria is transient, host 
defense will gradually clean the area and the lesion will 
return to one that contains mainly mononuclear leuko- 
cytes, i.e. macrophages and lymphocytes. 

The shift in the bacteria-host equilibrium may also be 
of a qualitative nature. Some bacterial organisms have 
developed mechanisms that allow them to circumvent 
killing by PMNs. Some strains of Porphyromonas gingivalis, 
isolated from suppurative apical periodontitis, for exam- 
ple, have developed an antiphagocytic capsule allowing 
each individual bacterial cell to evade phagocytosis (48). 

Other P. gingivalis strains contain a specific enzyme 
that cleaves IgG at the hinge region, thus removing the 
Fc portion of the immunoglobulin and leaving the bacte- 
rial cell coated with host-derived Fab fragments (18). 
Other strains have a survival strategy based on the 
capacity to cleave the complement C3 molecules in the 
area, thus offsetting essential components of the host 
response. This in turn may allow them, as well as other 
bacterial by-standers, to colonize the site (47). Another 
strategy is the ability to cleave cell-bound C3b molecules 



faster than they attach to the bacterial cell walls (8). 
Consequently, all this will cause a frustrated host 
response, which will continue to pour PMNs into the 
area with no ability to eradicate the infectious elements. 
The PMN influx will be large and continuous, well 
beyond the cleaning capacity of the macrophages. 
Continuous formation of liquefied tissue (pus) will result 
in a chronic abscess with a suppurating sinus tract. 

Clump formation by Actinomyces israeli and 
Propionibacterium propionicum, as discussed above, repre- 
sents another strategy of evading phagocytosis. A similar 
strategy has been adopted by bacterial strain combina- 
tions that coaggregate to form mixed bacterial clumps (26, 
57) or grow as a biofilm on the outer surface of the apical 
area of the root (36, 37, 54). Bacteria in all these structures 
are protected from the phagocytes, thus resulting in a 
chronic abscess. 

The endodontic flare-up 

A flare-up represents a shift from or disruption of an 
established balance between bacteria and the host and is 
induced when bacteria are suddenly dispersed into the 
lesion. Exacerbation is another term used, which implies 
worsening of a clinical condition from a silent, asymp- 
tomatic process to one presenting with overt clinical 
symptoms, i.e. pain, tenderness and swelling. 
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An endodontic flare-up may have a variety of causes. 
It may occur spontaneously without any obvious cause 
and is likely to be explained by an ecological change 
within the root canal microbiota favoring growth and 
dispersion of especially aggressive endodontic patho- 
gens. Exacerbation may also be iatrogenic in nature 
(iatrogenic = a condition caused by the practitioner). 
Such a condition is not uncommon in conjunction with 
endodontic treatment of infected root canals whereupon 
canal content may be inadvertently moved into the 
lesion site. The risk is particularly high following pierc- 
ing and passing through the apical foramen with an 
endodontic instrument or when a piston-like movement 
of a larger endodontic instrument pushes some of the 
root canal content into the lesion. While the mechanical 
trauma is inconsequential per se, the immediate immune 
reaction to the bacterial antigens may result in a 
flare-up. 

An exacerbation may also be explained by an increased 
flow of nutrients into the root canal space following 
mechanical opening and widening of the apical foramen. 
Release of blood or inflammatory exudates into the root 
canal may thus break the harsh nutritional conditions 
that normally existed in the infected root canal and favor 
enhanced growth of those proteolytic bacteria that may 
have escaped killing by the endodontic treatment 
procedure. 

The symptoms associated with an endodontic flare-up 
are a function of edema formation in the periapical area, 
resulting from local activation of the complement system. 
As bacterial antigens are introduced in the periapical 
tissue, specific immunoglobulins present against these 
bacteria will immediately engage the antigen and form 
immune complexes that activate the complement system. 
C3a and C5a formation will cause mast cell degranula- 
tion which will induce local vasodilation and increased 
vascular permeability resulting in edema (see also Key 
literature 7.4). Since the tissue is encased in a solid struc- 
ture, the only direction a swelling can take is pushing the 
tooth occlusally, as far as the periodontal ligament will 
allow. The effect is a tooth which is extremely sensitive to 
occlusal load and percussion. Viable bacteria carried into 
the periapical tissue may also start multiplying in the 
lesion per se, to an extent that an acute apical abscess 
and/or facial cellulitis may be initiated (see below). 

Clinical manifestations and diagnostic 
terminology 

Diagnostic terminology discussed here includes normal 
periapical conditions, asymptomatic apical periodontitis (syn.; 
chronic apical/periradicular periodontitis), symptomatic 
apical periodontitis (syn.: acute apical/periradicular peri- 
odontitis), acute apical abscess (syn.: acute periradicular 
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Key literature 7.4 Specificity of immunoglobulins 
to root canal bacteria 



The presence of immunoglobulins in apical periodontitis may be ran- 
dom and does not necessarily mean that they are specific for the bac- 
teria present in the necrotic pulp. Baumgartner and Falkler (3) and 
Kettering etal. (20) have tested immunoglobulins from human apical 
granulomas for reactivity against a large number of oral bacteria, 
using a modified enzyme-linked immunosorbent assay (ELISA). They 
demonstrated that the immunoglobulins found in apical periodontitis 
are specific for the bacteria commonly residing in the apical part of 
necrotic root canals. Baumgartner and Falkler extended these find- 
ings further and demonstrated that local production of IgG takes 
place in human periapical tissues (4,5). 

abscess), chronic apical abscess (syn.: chronic periradicular 
abscess, suppurative apical/periradicular periodontitis), 
cellulitis, condensing osteitis (syn.: focal sclerosing osteo- 
myelitis, periradicular osteosclerosis, sclerosing osteitis, 
sclerotic bone). It needs be recognized that these entities 
reflect clinical conditions and may not directly define the 
histopathological character of the lesion. Indeed there 
is a rather limited potential, under clinical conditions, to 
tell a granuloma from a cyst or even from an abscess. 
This applies in particular to asymptomatic lesions 
including abscesses with no evident sinus tract (see also 
Chapter 14). 

Normal periapical conditions 

Recognition of "normality" is essential to estimate 
changes that may occur with disease, as well as their 
gradual disappearance with healing (1). It is therefore 
necessary to recognize what is a normal healthy condi- 
tion. A healthy tooth is comfortable to the patient, it is 
not tender to percussion or occlusal pressure neither is it 
sensitive to palpation of the mucosa overlying the peri- 
apical region. There should furthermore be no sinus 
tract, or swelling or complaint of painful symptoms. 
Pocket-probing should not be deep: while indicating 
periodontal disease, pocketing may also imply a sinus 
tract from a chronic periapical abscess draining along the 
periodontal ligament space. Normal periapical condi- 
tions are also recognized in periapical radiographs by 
unbroken lamina dura and a distinct periodontal liga- 
ment space of normal width, comparable to adjacent and 
contralateral teeth. 



Asymptomatic apical periodontitis 

Asymptomatic apical periodontitis is a longstanding 
periapical inflammatory process with radiographically 
visible periapical bone resorption but with no clinical 
signs and symptoms. The designation of this diagnostic 
term should only be done in association with a tooth 
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with a non-vital pulp (untreated or treated). It needs be 
recognized that progressive pulpitis, e.g. in response to a 
carious exposure, can also manifest itself radio graphically 
by loss of lamina dura, and a small periapical radiolucent 
area. Such a periapical tissue response may emerge 
before major breakdown of the pulp tissue. 

The development of asymptomatic apical periodontitis 
may go unnoticed by the patient and is often discovered 
only by routine radiographic examination. It may also be 
surmised from a carefully taken disease history in cases 
when patient has experienced a prior painful event. 

The radiological appearance may take a wide range 
of forms. This has tempted clinicians to search for a 
correlation between size and morphology of the lesion 
with its histological nature, but there are no diagnostic 
means currently available to distinguish a granuloma 
from a cyst. 

Symptomatic apical periodontitis 

Symptomatic apical periodontitis may develop as a direct 
consequence of the breakdown and infection of the pulp 
within a previously healthy periapical region. It then 
reflects a response to an initial exposure of the periapical 
periodontium to bacteria or their products emerging 
from the infected root canal. 

Symptomatic apical periodontitis may also appear in a 
tooth with previous asymptomatic apical periodontitis. 
This may either reflect a natural shift in the balance 
previously established between the bacteria and the host 
or occur in response to endodontic treatment (endodon- 
tic flare-up). 



The typical symptoms include pain of an aching nature 
that may become severe or even unbearable to the patient 
and which brings the patient to the dentist. The tooth 
will usually be tender to percussion, with the mucosa 
and bone overlying the apical area sensitive to palpation. 
The tooth may occlude prematurely, owing to occlusal 
displacement caused by the edema in the periapical 
area. 

Acute apical abscess 

An acute apical abscess is characterized by rapid onset, 
spontaneous pain, tenderness of the tooth to pressure, 
pus formation and eventual swelling of associated 
tissues. At the initial stages of its formation, the process 
may be extremely painful, as pressure builds up in the 
restricted periapical bony crypt or periodontal space. 
The overlying cortical plate may eventually perforate 
and pus will accumulate under the periosteum produc- 
ing a most severe painful condition. Only with the perfo- 
ration of the periosteum will the pus be able to drain and 
allow pain to subside. At this stage, a tender local swell- 
ing will appear. In some cases, natural drainage will be 
established within a few days by perforation of the 
covering tissue. In other cases, the swelling will remain 
for some time before it gradually subsides. 

Drainage of an apical abscess will take the "path of 
least resistance" which is usually defined by the thick- 
ness of overlying bone (Fig. 7.15). Following penetration 
of the bone and periosteum, drainage will often be visible 
in the oral cavity but it may also occur into perioral 
tissues or into the maxillary sinus. 



Maxillary sinus 



Buccinator muscle 



Buccal space between 
buccinator muscle and 
overlying skin 



Vestibule 




Sublingual space, 
in sublingual tissue 
above mylohyoid muscle 

Mylohyoid muscle 



Submandibular space 
below mylohyoid muscle 



Fig. 7.15 Common pathways of an apical 
abscess. The route depends on the location of 
the roots in relation to the surrounding ana- 
tomical structures: (1) sublingual space, in the 
sublingual tissue above the mylohyoid muscle; 
(2) submandibular space below the mylohyoid 
muscle; (3) palatal abscess; (4) buccal space 
between buccinator muscle and overlying 
skin; (5) maxillary sinus; (6) vestibule. 
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Fig. 7.16 Clinical photographs demonstrating different presentation of fis- 
tulous tracts, (a, b) Typical intraoral fistulations. (c) Extraoral fistulation to 
which a gutta-percha cone has been inserted in order to trace its origin. 
Radiograph showing gutta-percha cone pointing to the tip of the mesio- 
buccal root of the first molar, where there is a radiolucent zone. 



Chronic apical abscess 

A sinus tract is the typical feature of the chronic apical 
abscess. The inflammatory process has perforated one of 
the cortical plates and a draining sinus tract is established 
which allows continuous discharge of pus forming in the 
periapical lesion through an opening in the oral mucosa. 
In rare cases, a sinus tract may drain extraorally through 
the skin (Fig. 7.16). Typically, a stoma of a parulis can be 
detected that, from time to time, will discard pus. A sinus 
tract may establish exit with drainage into the gingival 
sulcus, in a periodontal pocket (Fig. 7.17) or in a furcation 
area and must be differentiated from periodontal disease 
and from a pocket associated with a vertical root fracture. 
A sinus tract may also lead into the maxillary sinus and 
cause unilateral chronic sinusitis. 

A chronic apical abscess is most commonly, but not 
always, associated with an apical radiolucency. It is 
asymptomatic or only slightly symptomatic and the 
patient may often be unaware of its presence. This may 
last as long as the sinus tract is not obstructed. Even 
when such an obstruction occurs, it is most likely that 
any swelling will be of limited duration and will be limit- 
ed to the local area of the sinus tract, as both the bone 
and the periosteum are already perforated. 




(a) 

Through 
alveolar bone 




(b) 

Along 

the periodontal 

ligament 



^ 



Fig. 7.17 Examples of various routes of draining of a chronic apical abscess 
to the oral environment: (a) through the alveolar bone; (b) along the peri- 
odontal ligament. 
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Cellulitis 

Cellulitis is a symptomatic edematous inflammation 
associated with diffuse spreading of invasive micro- 
organisms through connective tissue and fascial planes. 
Its main clinical feature is diffuse swelling of facial or cer- 
vical tissues. Cellulitis is usually a sequela of an apical 
abscess that penetrated the bone, allowing the spread of 
pus along paths of least resistance, between facial struc- 
tures. This usually implies the fascial planes between the 
muscles of the face or neck. Spreading of an infection 
may or may not be associated with systemic symptoms 
such as fever and malaise. Since cellulitis is usually a 
sequela of an uncontrolled apical abscess, other clinical 
features typical of an apical abscess are also expected. 
Spreading of an infection into adjacent and more remote 
connective tissue compartments may, rarely, result in 
serious or even life-threatening complications. Cases of 
Ludwig's angina (17), orbital cellulitis (7), cavernous 
sinus thrombosis (9) and even death from a brain abscess 
(16, 22) originating from a spreading dental infection 
have been reported. 

Condensing osteitis 

Condensing osteitis is a diffuse radiopaque lesion 
believed to represent a localized bone reaction to a low- 
grade inflammatory stimulus, usually seen at an apex of 
a tooth (or its extraction site) in which there has been a 
longstanding pulp disease. It is characterized by over- 
production of bone in the periapical area, mostly around 
the apices of mandibular molars and premolars that had 
longstanding chronic pulpitis. The pulp of the involved 
tooth may be vital and chronically inflamed or may have 
become necrotic with time, leaving the radiopaque 
sequella. Normally the condition does not prompt treat- 
ment per se, unless the pulp undergoes further break- 
down leading to necrosis. The radiopacity may or may 
not disappear after endodontic treatment or tooth extrac- 
tion (15) (see also Chapter 14). 
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Chapter 8 

Systemic complications of endodontic 
infections 

Nils Skaug and Vidar Bakken 



Introduction 

Infectious processes associated with the root canal system 
of teeth may give rise to various complications that not 
only result in local manifestations but may also produce 
lesions in other body sites. As outlined in Fig. 8.1, there 
are three means by which a root canal infection may 
cause metastatic infections: 

1. Through an acute periapical abscess whereby pus, 
microorganisms and their products are spread. 

2. By an endodontic treatment procedure where micro- 
organisms are disseminated to other body compart- 
ments along the circulatory system. 

3. By the release of bacterial products and proinflam- 
matory mediators from a chronic periapical inflam- 
matory lesion. 

The clinical significance of these mechanisms for the 
spread of infection and the measures to be undertaken to 
prevent systemic complications in otherwise healthy 
patients or patients compromised by a systemic disease 
are discussed in this chapter. 



Acute periapical infections as the origin 
of metastatic infections 

Acute manifestations of endodontic lesions involve 
the formation of abscesses in the periapical tissues 
(Chapter 7). Although these lesions are often confined to 
the oral region, they may extend to both nearby and 
distant body compartments along anatomical pathways 
(fascial planes and spaces). Hence, a periapical abscess 
may spread and reach the maxillary sinuses, the brain, 
the cavernous sinus, the eye or the mediastinum. 
Needless to say, some of these conditions are truly life 
threatening. In addition to the direct spread of pus and 
bacterial components, brain and lung abscesses may be 
caused by septic emboli. Furthermore, oral bacteria 
involved in endodontic infections may be aspirated into 
the lung and cause serious infections. Acute osteomyelitis 
is yet another condition that can arise from an endodon- 
tic infection. Before the antibiotic era, all these non-oral 
infections caused by disseminating oral bacteria were 
often fatal. In contrast to the status in developing coun- 
tries, complications of this nature are now rare in the 



(a) Periapical abscess 



(b) Overinstrumentation 



(c) Chronic periapical 
inflammatory lesion 




Fig. 8.1 (a) A periapical abscess at a root tip, (b) a root canal overinstrumentation and (c) an established periapical inflammatory lesion. 
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industrialized world. Yet, when they do occur, they still 
represent a threatening situation that demands proper 
dental and medical attention. 

Spread of oral microorganisms by the 
circulation 

Invasion of the circulation by bacteria and their dissemi- 
nation by the blood stream throughout the body is called 
bacteremia. Bacteremias may occur as a result of surgical 
and other invasive procedures. They are generally 
asymptomatic and transient (duration < 15-30 min) 
because the number of bacterial cells in the blood is usu- 
ally low (<10 colony-forming units per ml). The host's 
mononuclear phagocytes and the humoral immune 
response, furthermore, readily eliminate the organisms. 
Therefore, in healthy individuals transient bacteremias 
are usually of no clinical significance and are asymptom- 
atic. However, in individuals who lack normal protection 
against infections (compromised hosts) the bacteria may 
start to multiply in the blood resulting in sepsis, a serious 
infection that is accompanied by systemic manifestations 
of inflammation. In compromised hosts (e.g. patients 
with cancer, unregulated diabetes or immunodeficiency), 
sepsis may proceed to a generalized fatal infection. 

Oral microorganisms may gain access to the blood 
after loss of oral mucosal integrity from trauma or 
manipulation. In connection with endodontic treatment 
procedures, for example, the placement of a rubber dam 
clamp often causes transient bacteremia. Bacteremias 
may also follow instrumentation of root canals (see 
below). Bacteremia can occur spontaneously as well as in 
conjunction with various types of professional dental 
treatments and other oral manipulations, including oral 
health procedures and mastication (Table 8.1). 

It is important to note that bacteremia occurs frequent- 
ly from routine daily oral activities. In fact, bacteremias 
are 1000-8000 times more likely to be caused by daily 
oral manipulations than by dental treatment procedures 
(42). The incidence and magnitude of bacteremias of oral 
origin have been found to be directly proportional to the 
degree of oral inflammation and infection (9, 41) and 
occur more frequently in persons with high dental 
plaque scores and gingivitis than in individuals main- 
taining adequate oral hygiene (48). Calculations have 
been done to estimate how different types of dental 
treatment and oral manipulations may lead to risk of 
exposure to transient bacteremia. Roberts (47) estimated 
that tooth brushing twice daily for 1 year had a 154000 
times greater risk of exposure to bacteremia than that 
resulting from a single tooth extraction. He also compared 
a single tooth extraction and the cumulative exposure 
during 1 year to bacteremia from routine, daily activities 
and estimated the latter to be as high as 5.6 million times 
greater. One study in which the gingival health and 



Table 8.1 Frequency of treatment-induced and self-induced transient 
bacteremias. 



Dental procedure 


Frequency of 
bacteremias 


Reference 


Intraligamental anesthetic injections in 


16-97 


46 


children 






Tooth extractions 


10-94 


29 


Periodontal surgery 


36-88 


19 


Gingival scaling 


8-80 


19 




25-61 


2 


Endodontics 


31-54 


16 




0-5 


4 


Ultrasonic scaling 


53 


44 


Periodontal probing 


43 


14 


Prophylaxis 


0-40 


19 


Matrix band with wedge placement 


32 


45 


Subgingival irrigation 


30 


31 


Rubber dam clamp placement 


29 


45 


Polishing teeth 


24 


45 


Suture removal 


11-16 


8 


Routine daily oral activities 






Dental flossing 


0-58 


19 


Chewing 


17-51 


19 


Water irrigation device 


7-50 


19 


Oral rinsing 


50 


20 


Toothpicks 


20-40 


9 


Tooth brushing 


0-26 


19 



plaque scores were the same in both test groups, found 
that the Sonicare electronic toothbrush induced signifi- 
cantly more (78%) bacteremias than did conventional 
toothbrushes (10). 

Bacteremia and endodontic treatment 

The actual number of microorganisms introduced into 
the blood stream depends upon the size of the apical 
foramen, the degree of infection of the root canal and the 
method of root canal treatment (2). A variety of oral bac- 
teria, and species that are found in infective endocarditis, 
have been isolated from infected root canals and peri- 
apical lesions (27), yet there are relatively few reports in 
the literature describing how often bacteremia occurs 
following endodontic therapy and few provide bacterio- 
logical findings (Table 8.2). 

Studies performed during the 1960s were not able to 
demonstrate positive blood cultures even if the root 
canal system had been instrumented vigorously in the 
presence of saliva. However, when canals were instru- 
mented beyond the root apex, there was a 25-30% inci- 
dence of bacteremia (8). Baumgartner et ah (4) used an 
aseptic technique to culture the blood of 20 patients and 
registered bacteremia in only one case when a root canal 
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Table 8.2 Studies showing bacteria isolated from blood samples obtained in conjunction with non-surgical or surgical endodontic therapy. 



Author (Ref.) 



No. of teeth/ 
patients studied 



Procedure 



Frequency of positive 
blood samples 



Number of isolates (ri) 



Rahn etal. 
(43) 



56/56 



Heimdahl etal. 
(26) 



4/20 



Debelian etal. 
(15) 



26/26 



Peripheral blood samples were obtained 6/56 (1 0%) 

aseptically prior to apicoectomy and 3, 6 and 
9 min postoperatively. Blood samples were 
cultivated aerobically and anaerobically 



Blood samples were obtained aseptically in 4/20 (20%) 
Vacutainer® tubes before, during and after 
intracanal endodontic instrumentation. After 
lysis-filtration, the blood samples were 
incubated anaerobically for 10 days 



Blood samples were obtained aseptically 
during and after the endodontic procedure. 
See further Heimdahl etal. (26) 



11/26(42%) 



Streptococcus viridans (n = 1 ) 
Corynebacterium sp. (n = 1 ) 
Micrococcus sp. (n = 1 ) 
Staphylococcus (n = 1) (coagulase-negative) 
Lactobacillus fermentum (n = 1 ) 
Peptostreptococcus sp. (n = 1 ) 

Micrococcus spp. (n = 1 ) 
Streptococcus spp. (n = 1 ) 
Corynebacterium hofmanii (n = 1 ) 
Neisseria spp. (n = 1 ) 
Viridans group streptococci (n = 4) 
Anaerobic streptococci (n = 1 ) 

Prevotella intermedia (n = 3) 
Fusobacterium nucleatum (n = 1 ) 
Propionibacterium acnes {n = 3) 
Streptococcus intermedius (n = 1 ) 
Streptococcus sanguis (n = 1 ) 
Actinobacillus israelii (n = 1 ) 
Saccharomyces cerevisiae (n = 1) (fungus) 



had been overinstrumented. Debelian et at. (15), on the 
other hand, found a comparatively high frequency of 
bacteremias subsequent to endodontic therapy (42%), 
particularly in cases where the endodontic instrumenta- 
tion had been deliberately carried out beyond the apical 
foramen (7/13 versus 4/13 for non-overinstrumented 
cases). In this latter study anaerobes were frequently 
isolated from the positive blood cultures, as opposed to 
previous studies where facultative organisms had pre- 
dominated. These authors later verified that, for each 
patient in which a positive blood culture had been found, 
there was phenotypic and genotypic homology between 
the bacteria isolated from the root canal and the blood, 
suggesting that the blood bacteria originated from the 
treated root canals (16). Interestingly, in one patient 
the fungus Saccharomyces cerevisiae was recovered from 
both the root canal and the blood sample (Advanced 
concept 8.1). 

Infective endocarditis 

Bacteremia is considered a risk factor for the develop- 
ment of endocarditis. Bacterial endocarditis is a bacterial 
infection of the heart valves and the epithelial lining 
(endocardium) of the heart. The term infective endocar- 
ditis has recently been proposed to emphasize the fact 
that microbes other than bacteria also may cause endo- 
carditis (25). According to new terminology, infective 
endocarditis is named after the infective microorganism, 
e.g. streptococcal endocarditis, staphylococcal endocardi- 
tis or fungal endocarditis (Table 8.3). Although currently 



termed infective endocarditis, bacterial endocarditis is 
still used by many authors in the dental and medical 
literature. 

Infective endocarditis results from a complex interac- 
tion among the endocardium, local hydrodynamic 
effects, circulating microorganisms and local and sys- 
temic host defense factors. In many countries it is a rela- 
tively uncommon life-threatening disease (approximately 
50 cases are officially registered in Norway and 300 in 
Denmark per year). Infective endocarditis usually occurs 
in individuals with underlying congenital or acquired 
structural cardiac defects who develop bacteremia with 
bacteria prone to causing endocarditis. Symptoms of 
endocarditis generally start within 2 weeks of the incited 
bacteremia, although the time to diagnosis may be short- 
er or longer (51). An incubation period longer than 
2 weeks between the invasive procedure and the onset 
of symptoms significantly lessens the likelihood of the 
procedure being the proximate cause (30). 

The symptoms are non-specific and include fever, 
malaise, anorexia, cardiac murmurs, splenomegaly, ane- 
mia and weight loss. Before the antibiotic era the mortal- 
ity of bacterial endocarditis was 100%, and it still is if 
not treated adequately. Currently, the death rate is less 
than 10% for viridans (alpha-hemolytic) streptococcal 
endocarditis (21, 55) and 30% for staphylococcal endo- 
carditis (21). 

The organism(s) in the circulation causing the disease 
adheres to and forms vegetations in a focal area of the 
heart valves. A prerequisite is often a prior injury where 
fibrin and platelets have been released, which can cap- 
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Advanced concept 8.1 



Accuracy of testing blood 
samples for bacterial 
presence 



^\ 



When drawing blood by venipuncture for culturing circulating oral 
bacteria, there is always a risk of contaminating the blood sample 
with skin commensals. The presence in blood cultures of typical skin 
bacteria, such as coagulase-negative staphylococci, corynebacteria or 
propionibacteria, indicates contamination from the skin. Recently it 
was shown that skin disinfection with alcoholic chlorhexidine is more 
efficacious than skin preparation with aqueous providone-iodine in 
reducing contamination of blood cultures (37). However, bacteria 
known to be skin commensals also may be present in the oral micro- 
biota, therefore it has been hard to tell whether such bacteria, when 
present in blood cultures, originate from the skin or the oral cavity. 
Recently developed molecular identification techniques may over- 
come this problem (1 6). A previous study (46) on bacteremias follow- 
ing local anesthetic injections in children showed blood culture with 
bacterial growth in 8% of the children prior to the injections. Both 
coagulase-negative staphylococci (a dominant member of the con- 
stant skin flora) and the oral bacterium Streptococcus sanguinis were 
isolated from these preinjection blood cultures. Brown et al. (12) 
eliminated patients from their bacteremia study who demonstrated 
blood cultures positive for coagulase-negative staphylococci, coryne- 
bacteria and propionibacteria because they were thought to be indic- 
ative of skin contamination. In the study by Debelian et al. (16), 
homology was found between Propionibacterium acnes isolated in 
both the blood samples and the root canal samples, suggesting that 
in these cases the organism was not a skin contaminant. 

The volume of blood used for culturing, the concentration of bac- 
teria in the blood, the type of blood culturing system and the identifi- 
cation procedure employed determine the frequency of positive blood 
cultures with respect to type and number of species. With improved 
blood culture procedures and improvements in the isolation of anaer- 
obic and fastidious microorganisms from blood, recovery of micro- 
organisms from transient bacteremias has markedly increased during 
recent years. Therefore, not only higher frequencies of bacteremia 
but also more species and a higher number of microorganisms are 
expected when the results of more recent studies are compared with 
those of studies performed decades ago. 



Table 8.3 Relative frequency of oral viridans streptococci associated with 
infective endocarditis at the New York Hospital from 1 944 to 1 983 (51 ). 






Species 



Frequency (%) 



Streptococcus mitis 
Streptococcus sanguis 
Streptococcus anginosus 
Streptococcus mutans 
Streptococcus salivarius 
Nutritionally variant 
Unspeciated 



33-41 
31-47 
5-8 
3-10 
1-2 
6-7 
1-3 



ture circulating microbes. Multiplication within the veg- 
etations leads to discharges of the infecting organism(s) 
back to the circulation, producing a constant bacteremia 
that gives multiple positive blood cultures. The clinical 
symptoms, including embolization to organs, are a direct 
result of this mechanism. 

A wide variety of bacteria has been isolated from blood 
of patients with infective endocarditis. Viridans strepto- 
cocci are the most common (50-63%) followed by staphy- 
lococci (25-26%) (21, 54). Various other microorganisms 
account for less than 10% (34). Among the oral viridans 
streptococci associated with infective endocarditis, 
Streptococcus mitis and Streptococcus sanguinis dominate 
and account for more than two-thirds of the registered 
cases. 

The reason why viridans streptococci are more likely 
than other types of streptococci to cause endocarditis 
relates to their release of extracellular polysaccharides, 
which provides them with an exceptional adhesion 
mechanism. Other adhesins like lipoteichoic acid, fibrin- 
ogen-binding protein, fibronectin-binding protein and 
platelet-interactive molecules are putative virulence 
factors of bacteria associated with endocarditis (21). It 
was suggested recently that the majority of infected root 
canals contain bacteria that may have the potential to 
cause bacterial infective endocarditis (3). 

Staphylococcus aureus is another important pathogen 
that may originate from the oral cavity, although there is 
no convincing evidence that oral staphylococci can cause 
infective endocarditis (59). However, this organism is 
capable of infecting even structurally normal heart valves 
and is the most commonly isolated organism in infective 
endocarditis of intravenous drug abusers (54). 

It should be recognized that oral microorganisms pre- 
sumed to cause infective endocarditis in a given case are 
not normally specific to the oral cavity only. Furthermore, 
the incubation period (the time between a procedure 
resulting in bacteremia and the onset of symptoms) is 
often well outside the accepted time frame, which should 
be within 10-14 days, depending on the causative organ- 
ism (30). This means that it is often hard to establish the 
origin of a given heart infection. 

Cardiac conditions and dental treatment procedures 
as risk factors for infective endocarditis 

The American Heart Association (AHA) has made recom- 
mendations for the prevention of infective endocarditis 
for more than half a century. Nine documents were pub- 
lished from 1955 to 1997 (13, 58). During these years the 
guidelines became more and more complicated and 
increasingly difficult for both practitioners and patients 
to follow. Risk assessment of patients for infective endo- 
carditis was based on types of heart diseases and oral 
intervention. The AHA now recommends that only 
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patients at greatest risk of negative outcomes from infec- 
tive endocarditis should take short-term preventive anti- 
biotics before routine dental procedures. According to 
the AHA, patients who should continue to take preven- 
tive antibiotics include those with artificial heart valves, 
a history of infective endocarditis, certain congenital 
heart conditions (including a patch to repair the heart 
defect within the past 6 months) and a cardiac transplant 
that develops heart valve problems. Thus an extremely 
small number of cases of infected endocarditis might be 
prevented by antibiotic prophylaxis even if it were 100% 
effective (58). 

Certain cardiac conditions are thought to predispose 
individuals for infective endocarditis more often than 
others. Most at risk are those patients with a prior history 
of infective endocarditis and those with a prosthetic 
heart valve. In line with this knowledge, the AHA (58) 
has defined high-risk and moderate-risk categories for 
infective endocarditis (Core concept 8.1). This body has 
also defined dental and oral treatment procedures that 
are likely to cause hazardous bacteremia in these two 
infective endocarditis categories (Core concept 8.2). 
Hence, a variety of invasive dental procedures is felt to 
pose a risk for infective endocarditis, although the asso- 
ciations have never been firmly documented. Endodontic 
surgery, including incision and drainage of abscesses 
and instrumentation beyond the tooth apex, belong to 
the dental procedures that, according to the AHA, should 
be regarded as risk factors to individuals with cardiac 
conditions. 






Core concept 8.2 



„ 



Core concept 8.1 



Cardiac conditions associated 
with the highest risk of adverse 
outcome from endocarditis for 
which prophylaxis with dental 
procedures is reasonable (58) 



Prosthetic cardiac valve or prosthetic material used for cardiac 

valve repair 

Previous infective endocarditis 

• Congenital heart disease (CHD):* 

- Unrepaired cyanotic CHD, including palliative shunts and 
conduits 

- Completely repaired congenital heart defect with prosthetic 
material or device, whether placed by surgery or by catheter 
intervention, during the first 6 months after the procedure! 

- Repaired CHD with residual defects at the site or adjacent to the 
site of a prosthetic patch or prosthetic device (which inhibit 
endothelialization) 

Cardiac transplantation recipients who develop cardiac 
valvulopathy 

* Except for the conditions listed above, antibiotic prophylaxis is no lon- 
ger recommended for any other form of CHD. 

t Prophylaxis is recommended because endothelialization of prosthetic 
materials occurs up to 6 months after the procedure. 



Dental procedures for which 
endocarditis prophylaxis is 
reasonable for patients in Core 
concept 8.1 (58) 



I 



All dental procedures that involve manipulation of gingival tissue or 
the periapical region of teeth or perforation of the oral mucosa.* 

* The following procedures and events do not need extra prophylaxis: 
routine anesthetic injections through non-infected tissue, taking 
dental radiographs, placement of removable prosthodontic or orth- 
odontic appliances, adjustment of orthodontic appliances, place- 
ment of orthodontic brackets, shedding of primary teeth and 
bleeding from trauma to the lips or oral mucosa. 



About 40% of all infective endocarditis cases occur in 
patients without previously identified risk factors. It has 
been estimated that 20% of cases can be related to dental 
treatment procedures or infections (21) but the vast 
majority are due to oral organisms and are not related to 
dental procedures (41). 

Even if the oral focal infection theory (see below) no 
longer enjoys widespread acceptance, it has retained its 
position when it comes to the etiology of infective endo- 
carditis. This is in spite of the lack of firm evidence for a 
cause-effect relationship. Therefore, to determine the 
cause of a given case of endocarditis, physicians often 
ask patients if they have received dental treatment in 
recent months. If the answer is yes, the dental treatment 
is usually blamed for the condition (55). There are few 
well-controlled studies of dental risk factors for infective 
endocarditis (28, 52). One of these studies found no 
increased risk associated with dental procedures in the 
preceding 90 days (28), although borderline increased 
risks were noted for endodontic treatment and dental 
scaling. In another large, population-based, case-control 
study (52) none of the dental procedures that were 
observed, except possibly tooth extraction, was found to 
be a risk factor. This was true even in cases where there 
were underlying cardiac valvular abnormalities (pros- 
thetic valves, previous history of endocarditis). The study 
did confirm, however, the importance of these heart 
abnormalities as risk factors for infective endocarditis. 

The recent AHA guidelines state: 

"In patients with dental disease, the focus on the fre- 
quency of bacteremia associated with a specific dental 
procedure and the AHA guidelines for prevention of 
IE have resulted in an overemphasis on antibiotic 
prophylaxis and an underemphasis on maintenance 
of good oral hygiene and access to routine dental 
care, which are likely more important in reducing 
lifetime risk of IE than the administration of antibiotic 
prophylaxis for a dental procedure. However, no 
observational or controlled studies support this con- 
tention." (58) 
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Good oral hygiene is the most important factor in reduc- 
ing the risk of endocarditis in susceptible individuals, 
and access to high-quality dental care is also emphasized 
by the Working Party of the British Society for 
Antimicrobial Chemotherapy (BSAC) (22). 

Therefore, even if dental procedures have not been 
confirmed as risk factors for infective endocarditis, cases 
are often infected with microorganisms common to the 
oral microbiota (52) and transient bacteremias due to 
dental treatment procedures cannot be excluded as 
causative factors. Consequently, dentists must always be 
aware of the potential risk of dental infections and dental 
procedures, and follow established guidelines for 
prevention. 



Preventive measures 

Current recommendations on antibiotic prevention 
of bacteremia sequelae 

The AHA has issued widely accepted recommendations 
stating that antibiotics should be given to prevent endo- 
carditis when a patient is undergoing dental risk treat- 
ment and when qualifying for the moderate- or high-risk 
category (Core concept 8.1). New guidelines have 
recently been published by the Working Party of the 
BSAC, recommending that dental prophylaxis should be 
restricted to patients who have a history of previous 
endocarditis, patients with cardiac valve replacement 
surgery, or those with surgically constructed pulmonary 
shunts or conduits (22). 

Dental risk treatment is defined as a treatment proce- 
dure that is known to produce bacteremia, which 
includes endodontic surgery and root canal instrumen- 
tation (Core concept 8.2). Certain procedures that are not 
recommended for antibiotic prophylaxis may neverthe- 
less cause significant bleeding in patients with poor oral 
hygiene. In such cases prophylaxis is also appropriate. 
Consequently, the dentist is always responsible for the 
final decision as to whether antibiotic prophylaxis should 
be instituted. See Core concept 8.3 for guidelines on anti- 
biotic prophylaxis and risk assessment of patients. 

Prophylaxis is most effective when given preopera- 
tively in doses that are sufficient to ensure adequate 
antibiotic concentrations in the blood during and 
10 hours after the procedure. To minimize the risk of 
anaphylactic reactions and antibiotic resistance, the AHA 
recommends oral regimens as the standard route. A 
single dose of 2g (AHA) (58) or 3g (BSAC) (22) amoxicil- 
lin in adults should be given orally 1 hour before the 
dental treatment. In the case of penicillin allergy, 600 mg 
of clindamycin is recommended preferentially as an 
alternative. Amoxicillin, when given at the recommended 
doses, is preferred to other penicillins because it ensures 
adequate antibiotic concentrations in the serum for 






Core concept 8.3 



Risk assessments and antibiotic 
prophylaxis 






Patients 

Oral bacteremias are transient, occur frequently and represent a 
negligible risk for infective endocarditis or metastatic infections in 
healthy individuals. 

Bacteremias following certain dental treatment procedures can 
provoke infective endocarditis in moderate- and high-risk individu- 
als. Antibiotic prophylaxis should therefore be instituted. 
Immunocompromised patients (individuals with reduced granulo- 
cyte count, leukemic patients, bone marrow transplant patients 
with leukemia) are at high risk of bacteremia-induced infections. 
Antibiotic prophylaxis is needed and should be determined in con- 
sultation with the patient's physician because universal guidelines 
are not available. 

Recipients of organ transplants and cancer patients, although they 
have increased susceptibility to infections, do not normally require 
routine antibiotic prophylaxis in conjunction with dental 
treatment. 

Dental procedures 

The vast majority of infective endocarditis cases are not associated 
with dental treatment procedures. 

Dental procedures that involve manipulation of gingival tissue or 
the periapical region (root canal instrumentation beyond the apical 
foramen and endodontic surgery) are associated with transient 
bacteremias and require antibiotic prophylaxis in patients at high- 
est risk of infective endocarditis (see Core concept 8.1). 

Preventive measures 

Any use of antibiotic prophylaxis must take into consideration the 
adverse effects of antibiotic toxicity and allergy, selection of resis- 
tant microorganisms, superinfections and effects on the microbial 
ecology. 

Under any circumstance, the dentist is ultimately responsible for 
the final decision as to whether antibiotic prophylaxis should be 
instituted and the selection of drug. 

Failure to give proper antibiotic prophylaxis may generate malprac- 
tice claims. 



10 hours postoperatively. For patients who are unable to 
take or absorb oral medication, 2 g of ampicillin may be 
administered intramuscularly or intravenously just 
before the procedure. Ampicillin-allergic patients maybe 
treated with parenterally administered clindamycin 
(600mgin adults) (58). 

If the patient has forgotten to take the prescribed anti- 
biotic prior to the treatment, the medication can still be 
effective if given in conjunction with the procedure, but 
not later than 2 hours after it was started. The rationale is 
that the antimicrobial effect primarily is due to inhibition 
of bacterial growth on the damaged heart valves and 
not, as thought before, to the colonization per se or to the 
killing of microorganisms in the blood stream (24). 
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It is well documented that antibiotic prophylaxis, 
according to the recommended regimens, may select for 
microorganisms that are resistant to the drug. Resistance 
is likely not to persist for more than 9-14 days after 
termination of prophylactic treatment, therefore dental 
treatments requiring an antibiotic umbrella should be 
scheduled with at least 14-day intervals. If a shorter 
interval is needed, an alternative antibiotic should be 
selected (Table 8.4). If a situation were to emerge where 
antibiotic prophylaxis is required twice within a short 
time interval (12-24 hours), it is unlikely that a significant 
selection of resistant microorganisms would have 
occurred. In such instances the use of the same prophy- 
lactic regimen is acceptable. 

Antibiotic prophylaxis in compromised hosts 

The antibiotic prophylaxis regimens of the AHA and 
BSAC seem to be appropriate for the prevention of 
bacteremia in cancer chemotherapy patients but might 
be inappropriate in patients with suppressed granulo- 
cyte count, leukemic patients or bone marrow transplant 
patients. In the latter category of patients more effective 
agents against Gram-negative organisms are required 
(41). This is because the oral flora of such immunocom- 
promised patients can be different from that of normal 
individuals and includes Gram-negative bacteria (e.g. 
Klebsiella pneumoniae, Enter obacter cloacae, Escherichia coli) 
that are highly resistant to the beta-lactam antibiotics, 
aminoglycosides, vancomycin and fluoroquinolones. 
The most obvious risk for bone marrow transplant 
patients with leukemia is, however, septic shock caused 
by viridans streptococci (41). Hence, the latter authors 
recommend that dental patients with low granulocyte 
counts should be treated only on an emergency (non- 



elective) basis. Because of significant interindividual dif- 
ferences in the oral microflora of immunocompromised 
patients and the lack of controlled clinical studies, antibi- 
otic prophylaxis in these patients should be based on 
microbiological evaluation and in collaboration with the 
patient's physician. 

Patients in need of organ (e.g. heart, kidney, liver) 
transplantation should have a pretransplant dental 
evaluation. All required endodontic treatment should be 
completed in due time prior to the transplantation 
because of the increased risk of infection that these 
patients will be exposed to due to immunosuppression. 
Antibiotic prophylaxis in such patients still has an 
empirical base and no guidelines have been issued so far. 
Root canal instrumentation beyond the tooth apex 
should always be avoided and any antibiotic prophylaxis 
prior to periapical surgery should be determined in con- 
sultation with the patient's physician. 

An expert panel of dentists, orthopedic surgeons and 
infectious disease specialists concluded that antibiotic 
prophylaxis is not routinely indicated for most dental 
patients with total joint replacements, nor is it recom- 
mended for dental patients with pins, plates and screws 
(1). Antibiotic prophylaxis for the prevention of systemic 
infections is not recommended in hemodialysis patients, 
heart transplant patients or splenectomized patients, or 
to prevent brain abscess (41). 

Surgical intervention in an infected area is sometimes 
necessary. In addition to the risk for bacteremia, local 
spread of microorganisms will always occur and may 
present a risk for metastatic infection. Yet, surgical antibi- 
otic prophylaxis is only justified in immunocompromised 
patients and should begin 2 hours before and be termi- 
nated when the surgery is finished and no later than 24- 
48 hours after the surgery (for references, see Ref. 41). 



Table 8.4 The American Heart Association's recommendations of 2007 on antibiotic regimen for a dental procedure (58). 



Situation 



Agent 



Regimen: single dose 30-60 min before procedure 



Oral Amoxicillin 

Unable to take oral medications Ampicillin 

Allergic Clindamycin 

to penicillins or ampicillin - oral 

Cephalexin 8 

or 

Azithromycin or clarithromycin 

Allergic to penicillins or ampicillin Clindamycin 
and unable to take oral medication 

Cefazolin a 



Adults: 2.0 g; children: 50mg/kg 

Adults: 2.0g intramuscularly (IM) or intravenously (IV); children: 50mg/kg IM or IV 

Adults: 600 mg; children: 20mg/kg 

Adults: 2.0 g; children: 50mg/kg 

Adults: 500 mg; children: 15mg/kg 

Adults: 600 mg IM or IV; children: 20mg/kg IM or IV 

Adults: 1.0g IM or IV; children: 50mg/kg IM or IV 



3 Cephalosporins should not be used in individuals with immediate-type hypersensitivity reactions to penicillins or ampicillins (e.g. urticaria, angioedema or 
anaphylaxis). 
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It needs to be recognized that in order to achieve a sat- 
isfactory risk-benefit ratio any use of antibiotic prophy- 
laxis must take into consideration the adverse effects of 
antibiotic toxicity and allergy, the selection of resistant 
microorganisms, superinfections and effects on the 
microbial ecology (41). 

Are the current antibiotic prophylaxis 
recommendations appropriate? 

The most important rationale for antibiotic prophylaxis 
has been to prevent infective endocarditis because this 
disease carries high morbidity and mortality. Studies in 
experimental animals have indeed demonstrated that 
antibiotics can prevent infective endocarditis (17) and 
that penicillin is the drug of choice in the case of viridans 
streptococcal bacteremia. Yet, the effectiveness of antibi- 
otics to prevent infective endocarditis in humans has not 
been proven and probably never will be because it is a 
rare disease and controlled studies cannot be conducted 
for ethical reasons (17). In the Strom et at. (52) study, a 
minority (<10%) of the cases had received antibiotic 
prophylaxis but the risk for infective endocarditis 
remained the same regardless of whether prophylactic 
antibiotics had been taken or not. 

The lack of firm evidence that dental treatment is a 
frequent cause of infective endocarditis, the report of 
well-documented cases where antibiotic prophylaxis has 
failed to prevent infective endocarditis (30), the low com- 
pliance with the current guidelines for antibiotic pro- 
phylaxis, the unfavorable cost-benefit and risk-benefit 
relationships and the risk for selection of antibiotic resis- 
tance have initiated qualified questions as to the appro- 
priateness of the current guidelines for prophylaxis 
against infective endocarditis before dental treatment. It 
has been proposed that antibiotic prophylaxis should be 
given only to patients with prosthethic heart valves or 
previous history of endocarditis and only in conjunction 
with procedures resulting in high-level bacteremias 
(extractions and gingival surgery, including implant sur- 
gery) (18). Because infective endocarditis of oral origin is 
more likely to be due to poor oral health and hygiene 
than dental treatment per se, patients with cardiac abnor- 
malities should be encouraged to maintain a high level of 
oral health (30). 

The significance of the contribution of acute oral infec- 
tions to prosthetic joint infections has been discussed for 
years. The current view is that it is likely that bacteremias 
associated with such infections can, and do, cause 
implant infection. Therefore, elimination of the source of 
infection (e.g. endodontic therapy or tooth extraction) is 
required in these patients (1). There is still significant 
debate as to which dental procedures require antibiotic 
prophylaxis and what antibiotic regimen should be 
prescribed (11). 



Chronic periapical infections as the origin 
of metastatic infections 

Systemic effects of chronic dental infections 

From "oral sepsis" to "focal infection" 

"Gold fillings, gold caps, gold bridges, gold crowns, 
fixed dentures, built in, on, and around diseased 
teeth, form a veritable mausoleum of gold over a 
mass of sepsis to which there is no parallel in the 
whole realm of medicine or surgery. 

"It is therefore not a matter of teeth and dentistry, 
it is an all important matter of sepsis and antisepsis." 

Sir William Hunter, 1861-1937 

The belief that infected teeth are the cause of certain 
systemic diseases (e.g. arthritis) emerged at the begin- 
ning of the 19th century, but the notion may be tracked 
back to ancient times and Hippocrates (40). On the basis 
of his studies of the oral microbiota, the American dentist 
W.D. Miller drew attention to the possible interrelation- 
ship between oral infections and systemic diseases (35, 
36). At the turn of the 20th century the English physician 
W. Hunter introduced the term oral sepsis. It implied 
that in addition to dissemination of bacteria from the oral 
cavity, particularly from long-term low-grade oral infec- 
tions, oral bacteria act specifically and selectively on 
different target organs by liberating toxins, thereby 
producing adverse systemic effects (42). According to 
Hunter's theory, the mouth was the most important 
septic focus and oral sepsis the most common source of 
sepsis. He alleged that conservative dentistry was syn- 
onymous with septic dentistry. 

In 1912 the American physician F. Billings replaced the 
term oral sepsis with focal infection (40, 42). Focal infec- 
tion occurs when microorganisms disseminate from a 
localized area of infection (focus of infection) and estab- 
lish themselves elsewhere in the body as a secondary 
infection. When an oral infection is the source of focal 
infection, the term oral focal infection is used. Dental 
focal infection implies that an infected tooth is the focus. 
When the focal infection theory was most popular, 
periapical infections were thought to play a major role. 
During recent years, asymptomatic lesions of apical 
periodontitis have been examined for microorganisms 
using conventional cultivation, electron microscopy, 
DNA-DNA hybridization, polymerase chain reaction 
(PCR), fluorescence in situ hybridization (FISH) in 
combination with epifluorescence and confocal laser 
scanning microscopy (CLSM). FISH demonstrated 
coaggregating bacteria in mixed consortia located in 
different tissue layers of the 50% of the examined granu- 
lomas while the remaining ones seemed bacteria free 
(53). Several authors have therefore suggested that 
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granulomas are protective reactions aiming at prevent- 
ing the spread of periapical bacteria. Bacteremia from 
asymptomatic apical periodontitis has never been 
reported. 

Figure 8.2 shows how dental infection was once 
thought to be responsible for dental sepsis and various 
connected systemic conditions. Common to these condi- 
tions, at that time, was that no cause other than oral focal 
infection could be found. Therefore, even the extraction 
of healthy teeth became justified to prevent systemic 
infections and diseases. As a consequence, endodontic 
therapy nearly disappeared in the USA for many years 
(7). Fellow colleagues even maintained that dentists who 
performed root canal therapy should be considered 
criminals and be sentenced to 6 months of hard labour 
(42). Later, the true etiology of many of the infectious 
conditions that were associated with oral foci was 
disclosed. It became obvious that over the years many 
healthy teeth had been removed for no good reason. The 
dental focal infection theory therefore gradually lost its 
influence. However, owing to the continued release of 
new case reports with claims that patients had been 
cured from arthritis or other chronic diseases after extrac- 
tion of their infected or root filled teeth, and in spite of 
lack of scientific evidence, the dental focal infection the- 
ory never died (40, 42). 

Potential mechanisms by which a chronic 
inflammatory periapical lesion may cause adverse 
systemic effects 

The dental focal infection theory acquired a new dimen- 
sion when immunopathological mechanisms were 
added to disseminated bacteria and microbial toxins as 
causative factors of systemic diseases (Fig. 8.3). Recent 
data suggest that chronic subclinical infections (e.g. 



chronic periodontal infections), as indicated by raised 
values within the normal range of C-reactive protein (34) 
and other acute-phase proteins (57), may induce systemic 
inflammation leading to such conditions as atherosclero- 
sis, cardiovascular disease, cerebrovascular disease or 
preterm low birth-weight delivery. These observations 
have led to a paradigm shift in our understanding of the 
pathobiology of these complex associations. It is now 
realized that oral bacteria and their products, particularly 
lipopolysaccharides and proinflammatory cytokines, 
induced locally in response to oral infections, enter the 
blood stream and may subsequently activate systemic 
responses in certain susceptible individuals. It is not 
yet known whether these relationships are causal or 
consequential. 

Deliberations in recent years 

Spurred by epidemiological findings in large patient 
populations, a renewed interest has emerged in recent 
years on the role of chronic oral infections in certain 
systemic diseases such as coronary heart disease. Data 
from Finland, for example, have demonstrated a signifi- 
cant association in male patients to dental infections (32, 
33, 49) and primarily to periodontal disease (23). Evidence 
from the literature also suggests that there is an associa- 
tion between severe periodontal infections and sponta- 
neous preterm birth (56). It is now believed that systemic 
inflammations have common biological triggering mech- 
anisms (IL-lp, IL-6, TNFoc, PGE2) and that they occur 
more frequently in individuals with hyperinflammatory 
monocyte/macrophage phenotype than in individuals 
with normal monocyte phenotype. The monocytes of 
the former phenotype secrete three- to ten-fold more 
of these mediators in response to lipopolysaccharides 
than those of the normal monocyte phenotype (5, 6). 




Fig. 8.2 According to the dental focal infection theory, several systemic dis- 
eases affecting the brain, eyes, lung, heart, liver, joints and the skin are caused 
by dental sepsis, involving dissemination of bacteria and bacterial products 
from chronic periapical and marginal periodontitis. 
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Case study 

A 57-year-old male with a chief complaint of intense 
intermittent pain in his lower right quadrant presented 
at the School of Dentistry, University of Bergen, Norway. 
The pain had started spontaneously about 3 weeks earlier 
and it occurred when he drank or ate something hot. In 
the beginning, cold water in the mouth relieved the pain. 
However, after some days cold water no longer had any 
effect on the pain intensity. As the pain-free intervals 
became shorter, the pain intensity increased and he 
awoke occasionally at night in pain. The pain had been 
controlled by analgesics. The clinical examination 
revealed that the lower right quadrant was asymptomatic 
to palpation and that 36 and 37 were slightly sensible to 
percussion. Both the molars had gold crowns and did 
not respond to thermal or electrical vitality testing. 
Periapical radiographs of 36 and 37 revealed neither 
periapical pathoses nor periodontal ligament space 
widening. 

One week later in the morning the patient was seen in 
severe pain by an endodontist in Bergen. The pain inten- 
sity had increased during recent days and there had 
been almost no pain-free intervals. Also, the pain could 
no longer be relieved by analgesics. The patient who had 
had very little sleep during the previous 2 nights now 
insisted on being relieved of his pain. The clinical exami- 
nation showed that there was a tender moderate swell- 
ing along the buccal aspect of the alveolar ridge of 36 and 
37 and that these teeth were more sensitive to percussion 
than before. Periapical radiographs were taken. Still no 
definitive widening of periodontal ligaments could be 
verified. The patient's medical history was unremark- 
able, but for the following information. First, the patient 
had a history of reaction to oral penicillin with signs and 
symptoms indicating an immediate-type hypersensitivi- 
ty reaction. The patient had never taken any other anti- 
biotics. Second, he had a prosthetic heart valve. The 
endodontist decided to treat the patient later the same 
day, but only after he had taken antibiotic prophylaxis. 
The patient received a prescription for clindamycin, was 
asked to buy the drug and to take 600 mg (two 300 mg 
capsules of Dalacin) 1 hour prior to the appointment for 
the endodontic treatment. The patient did so and the 
pulp chamber of 36 could be explored without anesthe- 
sia. The root canals were totally debrided and then obtu- 
rated using laterally condensed gutta-percha points and 
sealer. 



Two days later the patient returned to the endodontist 
with a buccal abscess in the 35-37 region. The endodon- 
tist immediately called a nearby oral surgeon who agreed 
to see the patient 30min later. The oral surgeons 
treatment plan included an antibiotic prophylaxis and 
incision of the abscess. This time 500 mg of a macrolide 
antibiotic (one 500 mg tablet of Azitromax) was given 
1 hour prior to incision of the abscess. The patient recov- 
ered rapidly and after some days all clinical symptoms 
were gone. He was referred to a dermatologist to be 
examined for allergy to penicillin. This examination 
revealed no such allergy. 

Comments 

1. When antibiotic prophylaxis is needed, it is highly 
recommended to adhere to the current guidelines 
on antibiotic prophylaxis of the American Heart 
Association (AHA) or the British Society for 
Antimicrobial Therapy and not to another antibiotic 
regimen. 

2. According to the current AHA guidelines (2007), only 
endodontic procedures involving instrumentation 
beyond the apical foramen require prophylaxis. 
Based on the clinical findings in the present case, the 
endodontist felt that microbes had already spread 
periapically of 36 and because more bacteria might be 
transported to the same area during the root canal 
instrumentation, antibiotic prophylaxis was chosen. 
Therefore, 36 was root filled even with some acute 
clinical symptoms. 

3. Because the patient's medical history indicated 
allergy to penicillin and this could neither be profes- 
sionally confirmed nor invalidated at that time, the 
endodontist correctly chose an alternative antibiotic 
(clindamycin) other than cephalosporins. The latter 
antibiotics should not be used in individuals with 
immediate-type hypersensitivity reactions to 
penicillins. 

4. For the second antibiotic prophylaxis the oral surgeon 
changed from clindamycin to a macrolide antibiotic 
(Azitromax). This was done to reduce the probability 
of selecting resistant microorganisms in the oral 
cavity because such resistance is likely not to persist 
9-14 days after the antibiotic is terminated. In this 
case a shorter interval was necessary. If a longer 
interval had been possible, clindamycin would have 
been appropriate. 
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Demonstration of DNA from Aggregatibacter actinomy- 
cetemcomitans, Porphyromonas gingivalis and Prevotella 
intermedia in atheromas strongly indicates a role for these 
oral bacteria in atherosclerosis (5). Although they are 
known as periodontal pathogens, they are also involved 
in endodontic infections. Activated macrophages in peri- 
apical infections produce the proinflammatory cytokines 
(IL-1(3 and TNFa) (39). It is currently not known whether 
there is a relationship between the phenotypes of mono- 
cytes/macrophages, chronic periapical infection and 
systemic inflammation (38). The latest studies concern- 
ing possible relationships between periodontal disease 
and cardiovascular disease have shown a significant, 
albeit modest, positive association, even after adjusting 
for confounders (50). 



References 

1. Advisory Statement. Antibiotic prophylaxis for dental 
patients with total joint replacements. /. Am. Dent. Assoc. 
1997; 128: 1004-8. 

2. BaltchAL,SchafferC,MarkRDH,HammerMS,Suthpen NT, 
Smith RP, et al. Bacteremia following dental cleaning in 
patients with and without penicillin prophylaxis. Am. Heart 
J. 1982; 104: 1335-9. 

3. Bate AL, Ma JK-C, Pitt Ford TR. Detection of bacterial viru- 
lence genes associated with infective endocarditis in infect- 
ed root canals. Int. Endod. J. 2000; 33: 194-203. 

4. Baumgartner CJ, Heggers P, Harrison JW. The incidence of 
bacteremias related to endodontic procedures. I. Nonsurgical 
endodontics./. Endod. 1976; 2: 135-40. 

5. Beck JD, Offenbacher S. Oral health and systemic disease: 
periodontitis and cardiovascular disease. /. Dent. Educ. 1998; 
62: 859-70. 

6. Beck JD, Slade G, Offenbacher S. Oral disease, cardiovascu- 
lar disease and systemic inflammation. Periodontol. 2000 
2000;23:110-20. 

7. Bellizzi R, Cruse WP. A historic review of endodontics, 
1689-1963. Part 3. /. Endod. 1980; 6: 576-80. 

8. Bender IB, Seltzer S, Tashman S, Meloff G. Dental proce- 
dures in patients with rheumatic heart disease. Oral Surg. 
1963; 16: 466-73. 

9. Bender IB, Naidorf IJ, Garvey GJ. Bacterial endocarditis: a 
consideration for physicians and dentists. /. Am. Dent. Assoc. 
1984; 109: 415-20. 

10. Bhanji S, Williams B, Sheller B, Elwood T, Mancl L. Transient 
bacteremia induced by toothbrushing: a comparison of the 
Sonicare toothbrush with a conventional toothbrush. 
Pediatr. Dent. 2002; 24: 295-9. 

11. Brincat M, Savarrio L, Saunders M. Endodontics and infec- 
tive endocarditis - is antimicrobial chemoprophylaxis 
required? Int. Endod. J. 2006; 39: 671-82. 

12. Brown AR, Christopher J, Schultz P, Theisen FC, Schultz RE. 
Bacteremia and intraoral suture removal: can an antimicro- 
bial rinse help?/. Am. Dent. Assoc. 1998; 129: 1455-61. 

13. Dajani AS, Taubert KA, Wilson W, Bolger AS, Bayer A, 
Ferrieri P, et at. Prevention of bacterial endocarditis: recom- 



mendations by the American Heart Association. /. Am. Dent. 
Assoc. 1998; 128: 1142-51. 

14. Daly C, Mitchell D, Grossberg D, Highfield J, Stewart D. 
Bacteremia caused by periodontal probing. Aust. Dent. J. 
1997; 42: 77-80. 

15. Debelian GJ, Olsen I, Tronstad L. Bacteremia in conjunction 
with endodontic therapy. Endod. Dent. Traumatol. 1995; 11: 
142-9. 

16. Debelian GJ, Olsen I, Tronstad L. Anaerobic bacteremia and 
fungemia in patients undergoing endodontic therapy: an 
overview. Ann. Periodontol. 1998; 3: 281-7. 

17. Durack DT. Prevention of infective endocarditis. N. Engl. J. 
Med. 1995; 332: 38-44. 

18. Durack DT. Antibiotics for prevention of endocarditis dur- 
ing dentistry: time to scale back? Ann. Intern. Med. 1998; 129: 
829-31. 

19. Epstein JP. Infective endocarditis: dental implications and 
new guidelines for antibiotic prophylaxis. /. Can. Dent. 
Assoc. 1998; 64: 281-92. 

20. Felix C, Rosen S, App G. Detection of bacteremia after use of 
oral irrigation device in subjects with periodontitis. /. 
Periodontol. 1971; 42: 785-7. 

21. Franklin C. Infective endocarditis: a review of the etiology, 
epidemiology and pathogenesis. In: Clinical Oral Science 
(Harris M, Edgar M, Meghji S, eds). Bristol: Wright, 1998; 
213-21. 

22. Gould FK, Elliot TSJ, Foweraker J, Fulford M, Perry JD, 
Roberts GJ, et al. Guidelines for the prevention of endocar- 
ditis: report of the Working Party of the British Society for 
Antimicrobial Chemotherapy. /. Antimicrob. Chemother. 2006; 
57: 1035-42. 

23. Grau AJ, Buggle F, Ziegler C, Schwarz W, Meuser J, 
Tasman A-J, et al. Association between acute cerebrovascu- 
lar ischemia and chronic and recurrent infection. Stroke 
1997; 28: 1724-9. 

24. Hall G, Heimdahl A, Nord CE. Bacteremia after oral surgery 
and antibiotic prophylaxis for endocarditis. Clin. Infect. Dis. 
1999; 29: 1-8. 

25. Harris SA. Definitions and demographic characteristics. In: 
Infective Endocarditis (Kaye D, ed.). New York: Raven Press, 
1992; 1-18. 

26. Heimdahl A, Hall G, Hedberg M, Sandberg H, Soder P-6, 
Tuner K, et al. Detection and quantitation by lysis-filtration 
of bacteremia after different oral surgical procedures. /. Clin. 
Microbiol. 1990; 28: 2205-9. 

27. Kettering JD, Torabinejad M. Microbiology and immunolo- 
gy. In: Pathways of the Pulp, 7th edn (Cohen S, Burns RC, 
eds). St. Louis, MO: Mosby, 1998; 463-75. 

28. Lacassin F, Hoen B, Leport C, Selton-Suty C, Delahaye F, 
Goulet V, et al. Procedures accociated with infective endo- 
carditis in adults. A case control study. Eur. Heart J. 1995; 16: 
1869-974. 

29. Lockhart PB. An analysis of bacteremias during dental 
extractions. Arch. Intern. Med. 1996; 156: 513-20. 

30. Lockhart PB. The risk for endocarditis in dental practice. 
Periodontol. 2000 2000; 23: 127-35. 

31. Lofthus JE, Waki MY, Jolkovsky DL, Otomo-Corgel J, 
Newman N, Flemming T. Bacteremia following subgingival 
irrigation and scaling and root planing. /. Periodontol. 1991; 
62: 602-7. 



Systemic complications of endodontic infections 1 39 



32. Mattila K, Nieminen MS, Voltonen VV, Rasi VP, Kasaniemi 
YA, Syrjala SL, et al. Association between dental health and 
acute myocardial infection. Br. Med. }. 1989; 298: 779-81. 

Designed a cumulative score system based upon the number of 
carious lesions, the extent of periodontal pocketing, the presence 
and magnitude of periapical lesions and the presence or absence of 
pericoronitis for correlation to coronary heart disease. 

33. Mattila KJ, Vantonen VV, Nieminen M, Huttunen JK. 
Dental infection and the risk of new coronary events: pro- 
spective study of patients with documented coronary artery 
disease. Clin. Infect. Dis. 1995; 20: 588-92. 

34. Mendall M, Patel P, Ballam L, Strachan D, Northfield T. C 
reactive protein and its relation to cardiovascular risk fac- 
tors: a population based cross sectional study. Br. Med. J. 
1996; 312: 1061-5. 

35. Miller WD. The human mouth as a focus of infection. Dent. 
Cosmos 1891; 33: 689-95. 

36. Miller WD. The Micro-organisms in the Human Mouth. The 
Local and General Diseases Which are Caused by Them. 
Philadelphia, PA: S.S. White, 1890; 274-341. 

37. Mimoz O, Karim A, Mercat A, Cosseron M, Falissard B, 
Parker F, et ah Chlorhexidine compared with providone- 
iodine as skin preparation before blood culture. A random- 
ized, controlled trial. Ann. Intern. Med. 1999; 131: 834-7. 

38. Murray CA, Saunders WP. Root canal treatment and general 
health: a review of the literature. Int. Endod. J. 2000; 33: 1-18. 

39. Nair PNR. Apical periodontitis: a dynamic encounter 
between root canal infection and host response. Periodontol. 
2000 1997; 13: 121-48. 

40. O'Reilly PG, Claffey NM. A history of oral sepsis as a cause 
of disease. Periodontol. 2000 2000; 23: 13-18. 

41. Pallasch TJ, Slots J. Antibiotic prophylaxis and the medically 
compromised patient. Periodontol. 2000 1996; 10: 107-38. 

Describing the principles of antibiotic prophylaxis, reviewing 
bacteremia, discussing various aspects of infective endocarditis, 
including dentist and physician compliance, and indicating proper 
use of antibiotic prophylaxis in patients with severely impaired 
resistance to infections. 

42. Pallasch TJ. The focal infection theory: appraisal and re- 
appraisal. Calif. Dent. Assoc. J. 2000; 28: 194-200. 

43. Rahn R, Shah PM, Scaf er V, Frenkel G, Seibold K. Bakteriamie 
nach chirurgish endodontischen Eingriffen. ZWR 1987; 96: 
903-7. 

44. Reinhardt R, Bolton R, Hlava G. Effect of non sterile versus 
sterile water irrigation with ultrasonic scaling and post- 
operative bacteremias. /. Periodontol. 1982; 53: 96-9. 

45. Roberts GJ, Holzel HS, Sury MR, Simmons NA, Gardner P, 
Longhurst P. Dental bacteremia in children. Pediatr. Cardiol. 
1997; 18: 24-7. 

46. Roberts, GJ, Simmons NB, Longhurst P, Hewitt PB. 
Bacteremia following local anesthetic injections in children. 
Br. Dent. J. 1998; 185: 295-8. 

47. Roberts GJ. Dentists are innocent! "Everyday" bacteremia is 
the real culprit: a review and assessment of the evidence 
that dental surgical procedures are a principal cause of 
bacterial endocarditis in children. Pediatr. Cardiol. 1999; 20: 
317-25. 

48. Sconyers JR, Crawford JJ, Moriarty JD. Relationship of bac- 
teremia to toothbrushing in patients with periodontitis. 
/. Am. Dent. Assoc. 1973; 87: 616-22. 



49. Seymour RA, Steele JG. Is there a link between periodontal 
disease and coronary heart disease? Br. Dent. J. 1998; 184: 
33-8. 

50. Seymour GJ, Ford PJ, Cullman MP, Leishman S, Yamazaki K. 
Relationship between periodontal infections and systemic 
disease. Clin. Microbiol. Infect. 2007; 13 (Suppl. 4): 3-10. 

51. Starkebaum M, Durack D, Beeson P. The "incubation 
period" of bacterial endocarditis. Yale J. Biol. Med. 1977; 50: 
49-58. 

52. Strom BL, Abrutyn E, Berlin JA, Kinman JL, Seldman RS, 
Stolley PD, et al. Dental and cardiac risk factors for infective 
endocarditis. A population-based, case-control study. Ann. 
Intern. Med. 1998; 129: 761-9. 

This population-based, case-control study concludes that dental 
treatment seems not to be a risk factor for infective endocarditis, 
even in patients with valvular abnormalities. Consequently, the 
policies for antibiotic prophylaxis in such patients should be 
reconsidered. 

53. Sunde PT, Olsen I, Gobel UB, Theegarten D, Winter S, 
Debelian GJ, et al. Fluorescence in situ hybridization (FISH) 
for direct visualization of bacteria in periapical lesions of 
asymptomatic root-filled teeth. Microbiology 2003; 149: 
1095-102. 

54. Tunkel AR, Mandell GL. Infecting micro-organisms. In: 
Infective Endocarditis (Kaye D, ed.). New York: Raven Press, 
1992; 85-97. 

55. Wahl MJ. Myths of dental-induced endocarditis. Comp. 
Cont. Educ. Dent. 1994; 15: 1100-19. 

56. Williams CECS, Davenport ES, Sterne JAC, 
Sivapathasundaram V, Fearne JM, Curtis MA. Mechanisms 
of risk in preterm low-birth weight infants. Periodontol. 2000 
2000; 23: 142-50. 

57. Williams RC, Offenbacher S. Periodontal medicine: the 
emergence of a new branch of periodontology. Periodontol. 
2000 2000; 23: 9-12. 

58. Wilson W, Taubert KA, Gewitz M, Lockhart PB, 
Baddour LM, Levison M, et al. American Heart Association 
Rheumatic Fever, Endocarditis and Kawasaki Disease 
Committee, Council on Cardiovascular Disease in the 
Young; Council on Clinical Cardiology; Council on 
Cardiovascular Surgery and Anesthesia; Quality of Care 
and Outcomes Research Interdisciplinary Working Group; 
American Dental Association. Prevention of infective endo- 
carditis: guidelines from the American Heart Association: a 
guideline from the American Heart Association Rheumatic 
Fever, Endocarditis and Kawasaki Disease Committee, 
Council on Cardiovascular Disease in the Young, and the 
Council on Clinical Cardiology, Council on Cardiovascular 
Surgery and Anesthesia, and the Quality of Care and 
Outcomes Research Interdisciplinary Working Group. 
Circulation 2007; 116: 1736-54. 

59. Younessi OJ, Walker DM, Ellis P, Dwyer DE. Fatal 
Staphylococcus aureus infective endocarditis. The dental 
implications. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 
Endod. 1998; 85: 168-72. 



Chapter 9 

Treatment of the necrotic pulp 

Paul Wesselink and Gunnar Bergenholtz 



Introduction 

This chapter details the procedures utilized to carry out 
conservative root canal therapy (RCT) of teeth with 
necrotic pulps. The treatment principles described apply 
to teeth where the root canal system may or may not be 
infected. Treatment of non-infected cases is a prophylac- 
tic measure to prevent colonization and multiplication 
of microbes in the more or less empty root canal space 
and the subsequent development of symptomatic or 
non-symptomatic presentations of apical periodontitis 
(Chapter 7). In most instances, however, RCT is curative 
and initiated to eliminate a root canal infection, thereby 
remedying periapical inflammatory tissue lesions 
(Fig. 9.1). Treatment in such cases is also essential to 
impede the spread of root canal bacteria and their prod- 



ucts to distant organs (Chapter 8). Although extraction of 
the tooth in question solves the infection problem, it is a 
radical procedure not usually acceptable to patients. RCT 
offers a realistic alternative, provided the tooth is restor- 
able. Hence, if properly conducted, RCT of teeth with 
infected pulp necrosis enjoys a high rate of success and 
can be expected to result in complete resolution of clini- 
cal and radiographic signs of apical periodontitis in 
almost nine out of ten cases (29, 56). 



Objectives and general treatment 
strategies 

The overall objective of RCT is to exclude the root canal 
system as a source of microorganisms. Therefore a 




Fig. 9.1 The reason for carrying out root canal therapy of teeth with necrotic pulps is either preventive or curative. Radiograph (a) shows a second lower premo- 
lar with a well-delineated apical radiolucency in a 57-year-old woman, indicating infected pulp necrosis and apical periodontitis. The neighboring root filled first 
premolar also has an apical lesion suggesting an unsuccessful prior root canal treatment. Radiograph (b) is a follow-up radiograph taken 24 years after completion 
of endodontic treatment of both teeth that were included as abutments in a bridgework. There is now no evidence of apical bone lesions. The case demonstrates 
the potentials of carefully conducted RCT for a long-term successful outcome. 
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primary task includes efforts to eradicate bacteria resi- 
dent in the root canal system (Fig. 9.2). A second charge 
is to provide measures to ensure that root canal infection 
will not recur. The procedure includes several phases, of 
which mechanical instrumentation to clean and shape 
root canals (Chapter 11), irrigation and disinfection are 
critical elements. To prevent reinfection, a filling is 
subsequently placed in the instrumented root canal(s) 
(Fig. 9.1b). ' 

If successfully conducted, teeth with clinical symptoms 
of apical periodontitis (tenderness, pain, swelling, fistu- 
lae) become non-symptomatic. Successful treatment also 
demands that any radiographic evidence of apical peri- 
odontitis that existed prior to treatment should resolve 
and result in complete reorganization of the periapical 
tissue (Figs 9.1b and 9.3). 



Historical perspective 

Over the years, different approaches to combat end- 
odontic infections have been in vogue. At the beginning 
of the 20th century, following the discovery of the role 
bacteria play in disease processes in general and apical 
periodontitis in particular, emphasis was placed on the 
use of strong antiseptics. Such agents were phenol deriv- 
atives and their mixtures, e.g. methylacresylacetate and 
camphorated monochlorophenol, and formaldehyde 
and its derivatives, e.g. formocresol and paraformalde- 
hyde (12). Antiseptic agents were administered either to 
the orifice or to the interior of root canals in paste or 
liquid form. By evaporation of the medicament, bacterial 
organisms could be killed without a cleaning procedure 
or filling of the root canal system. In other modes of 
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Fig. 9.2 (a) An extracted tooth with attached inflammatory soft-tissue lesion. On cracking the tooth open (b) and observing the interior (c, d) in the scanning 
electron microscope, various forms of bacterial morphotypes may be identified on the root canal walls, including filaments, spirochetes, rods and cocci. 
(Figures (b)-(d) are from Molven etal. (37) and published with permission of Munksgaard.) (Courtesy of Dr 0. Molven.) 
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Fig. 9.3 A series of radiographs demonstrating the 
successful outcome of root canal therapy in a lower 
incisor, (a) A root canal instrument is placed in the 
canal, which is used to clean the canal and determine 
the length of instrumentation in relation to the radio- 
graphic apex. In this case working length had to be 
extended. Note the apical radiolucency, indicating 
apical periodontitis, (b) The instrumented canal has 
received a slightly overextended root filling, (c) A 
radiograph taken 2 years later, (d) Radiograph taken 
6 years later, showing complete resolution of the 
previous lesion. The tooth now rests on a healthy 
periodontium and there are no symptoms (tender- 
ness, pain, swellings) suggesting ongoing root canal 
infection. 



treatment strong antiseptics were combined with 
mechanical instrumentation, followed by filling the 
instrumented canal(s) with a paste containing a strong 
antiseptic agent. It was felt that incorporation of antisep- 
tics in the root filling material would allow a continuous 
release of the antiseptic agent which would prevent sur- 
vival and regrowth of any organisms that had not been 
killed by the instrumentation procedure. Indeed, such 
treatment approaches gained great popularity and are 
practiced even today. However, the use of strong anti- 
septics in endodontics raises several serious concerns: 

• Although they are effective against microbes, strong 
antiseptics cause substantial cell and tissue damage, 
particularly if extruded to the periapical tissue envi- 
ronment (59) (see also Chapter 12). 

• These disinfectants, also in diluted form, have the 
disadvantage of sensibilization and hypersensitivity 



responses (Chapter 12). Some chemicals even carry 
carcinogenic and mutagenic risks (32). 

• In liquid form, chemicals are rapidly inactivated by 
inflammatory exudate and therefore provide antibac- 
terial effects only of a short duration, becoming inac- 
tive within hours or a few days (22, 34). 

• Since antiseptics included in root filling materials will 
eventually lose their antibacterial activity infection 
can reappear if canals were improperly filled or poor- 
ly sealed coronally, or both. 

In recent decades the strategy for treatment of necrotic 
and infected pulps has changed in the move to more 
biocompatible methods. Thorough biomechanical instru- 
mentation, combined with extensive irrigation with light 
antiseptics and with the use of minimally toxic and aller- 
genic disinfectants, is now emphasized and will be 
detailed here. 
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Scheme for a routine procedure in root 
canal therapy 

To achieve an optimal result by RCT, several critical steps 
can be identified: 

1. Assessing, prior to treatment, the technical difficul- 
ties that may be encountered during the procedure 
in terms of being able to access and negotiate the 
root canal anatomy (see Chapter 11). 

2. Opening the tooth to be treated in order to localize 
all canals, so-called access opening preparation. 

3. Providing an aseptic field of operation including the 
use of rubber dams. 

4. Carrying out mechanical instrumentation of the 
canal interior. 

5. Irrigating the canal system to remove debris and 
provide chemical disinfection. 

6. Placing an antimicrobial dressing until the next 
appointment. 

7. Closing the root canal system between 
appointments. 

8. Assessing the result of the initial treatment. 

9. Carrying out root canal filling. 

10. Recalling the patient in 6-12 months to assess long- 
term outcome. 



Access opening 

Once a decision for treat- 
ment has been taken and 
the difficulties assessed as 
to the presence of canal 
obstacles, length of canals 
and extent of curvatures, 
the root canal system 
needs be accessed. The 
most important quality of 
the access opening prepa- 
ration is to uncover all the 
canal orifices present, so 
that an unobstructed 
mechanical preparation 
of each root canal can be 
carried out (see further Chapter 11). It is often advanta- 
geous to enter the tooth interior prior to the placement of 
a rubber dam to reduce the risk of going in the wrong 
direction and causing a perforation to the periodontal 
ligament space. Aligning the direction of the bur to the 
long axis of the tooth facilitates the procedure. This is 
particularly significant in the teeth of elderly patients, 
where the pulp chamber is often reduced by mineraliza- 
tion and is then difficult to find. It applies also to teeth 
with artificial crowns. 
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Aseptic technique 

W~ ^^^Bj Even though 

A teeth . w ; th 

necrotic pulps 
\ M ^^B are most often 

^^ infected, RCT 

' requires an 
I aseptic tech- 
nique of opera- 
tion. Asepsis is 
maintained 
first of all to 
^H exclude con- 
| tamination 
with organisms 
that have 

greater resis- 
tance to treatment than members of the root canal micro- 
biota. Common contaminants, which are difficult to 
manage, belong to the facultative Gram-positive seg- 
ment, most notably enterococci; other enteric bacteria 
and yeasts may be introduced into the canal system 
owing to failure to maintain proper asepsis. Other sourc- 
es of contaminating organisms are along leaky temporary 
restorations applied between treatment sessions and by 
leaving canals open to the oral cavity for drainage (54, 
65). Elimination of microorganisms from root canals nat- 
urally requires prevention of oral contaminants. As stated 
in Chapter 4, procedures in this context include removal 
of plaque and calculus, defective fillings and crowns and 
carious dentin prior to the initiation of treatment. For the 
subsequent RCT, proper rubber dam application is indis- 
pensable and sterile burs and instruments must be used. 

Mechanical instrumentation 

Cleaning the 
canal interior 
with hand 
and rotary 
instruments 
is a most 
important 
technique to 
remove the 
bulk of the 

infecting bacterial mass and its nutritional supply. The 
instrumentation, if possible, should be carried out 
throughout the entire extension of each root canal and 
ideally end at its exit or slightly short of the apical fora- 
men. The procedure aims to: 

• Physically remove as much as possible of the bacterial 
mass, including those bacteria attached to the root 




144 The Necrotic Pulp 




Fig. 9.4 Cross-sectional cut through a root canal partly filled with gutta- 
percha. Note the unfilled lateral extensions (arrow heads), which may provide 
space for bacterial growth and leakage of bacterial elements to the periapical 
tissue environment. 

canal walls in a biofilm structure and those free- 
floating in the canal. 

• Remove sources of substrate for bacterial regrowth 
and multiplication, including necrotic tissue and tis- 
sue-breakdown products. 

• Remove the inner portion of the root canal walls, 
where dentin is most heavily infected. 

• Provide access for irrigation solutions to all parts of 
the root canal system for cleaning and chemical 
disinfection. 

• Create a clean and properly shaped canal that facili- 
tates the insertion of a well-sealing root filling. 

The task is not an easy one. Not only are microorganisms 
located in the main canal(s) (Fig. 9.2) but they will also 
enter any space and ramification available to them, 
including dentinal tubules (45), isthmuses and lateral 
canals. This makes the cleaning and disinfection proce- 
dure precarious as well as demanding. In this context it 
needs to be recognized that crevices and lateral areas of 
oval-shaped canals (Fig. 9.4) are especially difficult to 
reach. If untouched by the instruments, both substrate 
and bacterial organisms may remain in such locations 
and, if they are allowed a pathway to the apical environ- 
ment, a failure may ensue. In fact, studies examining the 
extent to which root canals are rendered clean after 
instrumentation often find remnants of necrotic tissue 
and debris on the canal walls, especially in oval-shaped 
canals (69) and in isthmuses of mesial roots of mandi- 
bular molars (39). Bacteria lodged in dentinal tubules 
also may remain unaffected. 

Narrow, partially blocked canals and canals in severely 
curved roots further challenge the instrumentation pro- 
cedure (Fig. 9.5a, b). Instrumentation is also a demanding 
task where canals are extremely wide, e.g. in young 
immature teeth (Fig. 9.5c). One reason for this is that the 
armamentarium normally is not designed for treatment 
of teeth with incomplete root development. Another is 
that instrumentation in such cases has to be limited 
owing to the already thin root structure to limit risk for 



subsequent root fracture. Therefore, combating infection 
in such root canals has to rely more on chemical disinfec- 
tion and proper root filling than the mechanical instru- 
mentation per se (see also Chapter 11). 

The instrumentation procedure is a highly important 
step in RCT. By enlarging and preparing canals and giv- 
ing them shape for access to irrigants, chemical disinfec- 
tants and filling, the bulk of the infecting microbiota is 
physically removed (3-6). Therefore the time spent in 
cleaning and shaping root canals according to the princi- 
ples described in Chapter 11 is well worthwhile. 

To enhance the cleaning capacity over and beyond 
what the mechanical preparation with hand and rotary 
instruments can do, it has been shown that ultrasonic 
activation of the irrigating solution has a positive effect. 
It is important that the ultrasonic instrument moves 
freely within the canal without active preparation, so- 
called passive ultrasonic irrigation (64). This measure is 
therefore applied after the mechanical instrumentation. 
The use of a small ultrasonic file, preferably with a 
smooth surface in order to prevent damage to the canal 
wall or ledge formation, is advocated (Fig. 9.6). 

Considerations in routine cases 

The instrumentation technique in routine cases, i.e. 
when the canal anatomy is within a fairly normal range 
in terms of width, length and curvature (Figs 9.1 and 9.3), 
is no different to that carried out in conjunction with 
pulpectomy (Chapter 4). Yet, there are certain precau- 
tions that need be undertaken to avoid three 
complications: 

• Blocking the canal patency. 

• Causing an endodontic flare-up. 

• Overextending the apical foramen. 

Blocking the canal patency can occur by fracturing an 
instrument, by causing a ledge or pushing dentin debris 
into the apical portion of the canal. These complications 
are particularly common in narrow and curved canals 
and are often the result of improper technique. Obviously, 
effective removal of the infecting microbiota is hampered 
by such errors. Therefore it is important that the instru- 
mentation procedure follows a well-proven scheme of 
steps (see Chapter 11). 

To reduce the risk of causing an endodontic flare-up 
(Chapter 7) and overextension of the apical foramen, proper 
determination of the length of instrumentation (working 
length) is especially important in RCT (Core concept 9.1). 
This measure is undertaken primarily to ensure that the 
entire length of each canal is treated, if possible. If instru- 
mentation is carried out too short, substantial amounts 
of bacteria may be left behind and continue to sustain 
apical periodontitis. Indeed, this is a major cause of fail- 
ure in RCT (56). 
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Fig. 9.5 Examples of cases displaying various degrees of dif- 
ficulty: (a) a partially blocked canal in 12 due to previous min- 
eralization processes in the pulp; (b) a tooth with severely 
curved root canal anatomy in the mesial root; (c) a tooth with 
incomplete root development; (d) a supernumerary tooth with 
a dense invaginatus fused to the permanent incisor; (e) buccal 
aspect; (f) lingual aspect. Following instrumentation and filling 
of the invagination only (g), the periapical lesion resolved (h). 
The tooth responded to an electronic pulp tester and cold, indi- 
cating that the other root portion had a vital pulp. 
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Fig. 9.6 Examples of small instruments for ultrasonic activation of root canal 
irrigant. 



Core concept 9.1 



Working length is a term used for the length a given root canal should 
be mechanically instrumented. Two methods are currently in use to 
determine this length: 

(1 ) Radiographic assessment with a file inserted into the canal to the 
vicinity of the apex (Fig. 9.3a). 

(2) Electronic apex locator. 

For detailed descriptions on the use of these methods see 
Chapter 11. 



Core concept 9.2 



Overextension of the apical foramen in conjunction with RCT is a 
serious complication because: 

Bacterial organisms and infected debris may be extruded into the 

periapical tissue and cause a flare-up of a non-painful lesion, 

aggravate a painful lesion and/or perpetuate apical periodontitis 

on a long-term basis. 

It may result in enhanced nutritional supply of any remaining 

organisms and boost their growth to cause endodontic flare-ups 

and/or long-term failure. 

It enhances the risk of overfilling. 

The potential to carry out a permanent root filling, which seals the 

apical portion bacteria-tight, is often impaired. 
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Careful working length determination is also impor- 
tant to prevent a set of complications that may ensue if 
instrumentation is carried out beyond the apical foramen 
(Core concept 9.2). One complication relates to the risk of 
extruding bacteria and infected dentin debris into the 
periapical tissue. If especially virulent, such organisms 



may aggravate a periapical inflammatory condition and 
cause the development of painful symptoms, including 
an apical abscess (endodontic flare-up). Extruded infect- 
ed debris may also perpetuate apical periodontitis, 
despite complete elimination of bacterial organisms from 
the canal system itself (70). 

Over-instrumentation also extends the apical foramen 
and promotes entry of inflammatory exudate into the 
canal. Owing to its content of serum proteins, the growth 
of proteolytic organisms is then likely to be boosted. This 
latter mechanism may also lead to an endodontic 
flare-up. 

Another grave complication of overpreparation is so- 
called apical zipping (Chapter 11). This is when the canal 
orifice has been not only enlarged but also transported in 
a lateral direction. Similar to an incompletely developed 
root, such canals are extremely difficult to fill properly. 
Besides the risk of overfilling, the root canal filling is 
often unable to provide an apical seal (68). In fact, unfilled 
spaces (pockets) often remain along the apical portion of 
the root filling, where bacteria may continue to grow and 
maintain apical periodontitis (40). 

Controlling pain during instrumentation 

Usually treatment of a necrotic pulp does not require 
anesthesia. However, even in the presence of a radio- 
lucency, functional sensory nerve fibers may remain in 
the apical portion of the canal (33). Once canal instru- 
ments touch these fibers, a pain response is initiated. 
Thus, for painless completion of treatment, anesthesia 
may be required. Some patients may allow the necessary 
instrumentation without anesthesia, but this should not 
be conducted unless complete agreement with the 
patient has been sought. Pain is usually gone after instru- 
mentation with one or two file sizes. 

There is some benefit in carrying out the treatment 
without anesthesia for length control. Hence, a pain 
response during instrumentation of a necrotic pulp may 
indicate that the foramen has been inadvertently pierced 
and that the working length should be reassessed. This 
should be carried out in spite of what appears to be a 
correctly recorded working length. Distinction between 
nerve fiber remnants and overpreparation is not always 
obvious and to ensure proper length of instrumentation 
one may: 

1. Take a control radiograph under a 20° distal or mesial 
angle with a file in place to obtain a good image of the 
buccal or lingual aspect of the root (such a radiograph 
shows more clearly than an orthogonal picture if the 
tip of the file extends into the periodontium). 

2. Carry out additional measurements with an apex 
locator. 
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3. Insert paper points to the presumed working length 
and observe whether moisture (bleeding or exuda- 
tion) is picked up. 

In other words, because of the sometimes deviant exit of 
the apical foramen into the periodontium, it is advanta- 
geous to carry out RCT in the absence of anesthesia 
because this draws attention to the risk of overinstru- 
menting the canal. Yet, the comfort of the patient should 
always be given the highest priority. 

Irrigation and chemical disinfection 




Mechanical instrumentation of root canals needs to be 
supported by frequent irrigation. There are several 
important purposes of such a measure: 

• To clean out debris and dentinal shavings and to 
keep canals moist so that instruments run smoothly. 

• To exert antibacterial effects. 

• To augment the efficacy of the instrumentation pro- 
cedure by dissolving necrotic tissue remnants, espe- 
cially in areas mechanical instrumentation cannot 
reach, including crevices, isthmuses and accessory 
canals. 

• To dissolve the smear layer. 

Another desirable property of the agent to be used is that 
it should cause minimal tissue damage and thus be mini- 
mally toxic in case it is extruded into the periapical tissue 
environment. 

Various irrigating solutions are available, but none can 
be said to satisfy all these requirements. Furthermore, it 
should be recognized that efficacy of agents as far as 
their disinfecting ability is limited by interactions with 
dentin, dentin debris and organic compounds present in 
the root canals of necrotic pulps, viz. serum proteins and 
microbial biomasses. This means that endodontic disin- 



fectants may not be as potent as indicated by trials car- 
ried out in vitro (25). Commonly used irrigants are sodium 
hypochlorite (NaOCl) and ethylenediaminetetraacetic 
acid (EDTA). The specific properties of these agents will 
be described here in some detail. 

Sodium hypochlorite 

The most commonly employed solution for endodontic 
irrigation is NaOCl, which unites three important quali- 
ties essential to RCT: 

• It dissolves organic material. 

• It is a potent disinfectant. 

• It is minimally irritating 
concentrations. 



to tissue in low 



The tissue-dissolving capacity of NaOCl is well estab- 
lished (2, 38). Both vital and necrotic tissue are affected 
and dissolved in excess of NaOCl. The speed of tissue 
dissolution is dependent on the extent of contact between 
active solution and tissue. Thus, stirring or the use of 
ultrasound will speed up the tissue-dissolving process 
considerably (38). 

The effect of NaOCl is quickly inactivated in the pres- 
ence of oxidizable material, such as dentin debris and 
organic material, because it dissociates into Na + and Cl~ 
ions (24, 38). Therefore, during RCT, the solution has to 
be replenished consistently. Although NaOCl breaks 
down collagen, it hardly affects the canal walls (23, 52). 
The addition of surfactant, which should promote its 
flow into areas inaccessible for mechanical instrumenta- 
tion, or hydrogen peroxide has not been confirmed to 
provide significant therapeutic effects. 

Sodium hypochlorite is a strong and fast-acting 
disinfectant with a low tissue-irritating potential at low 
concentrations (0.5-1%) (48). Yet, it is a potent tissue 
irritant in higher concentrations (2.5-5%) (26, 28, 31, 48). 
High concentrations should therefore be either avoided 
or used with great care so that no solution is dropped 
into the eyes of the patient or extruded beyond the apical 
foramen, which may cause severe tissue irritation 
(Clinical procedure 9.1). The risk-benefit ratio of the use 
of high concentrations of NaOCl can be questioned 
further on the basis of the limited gain in antibacterial 
effect found in clinical trials (6, 71). 



Ethylenediaminetetraacetic acid 

EDTA is a calcium binder (chelator) that aids in removal 
of the smear layer. The smear layer is mainly composed 
of dentin particles embedded in an amorphous mass of 
organic material that forms on the inner root canal walls 
during the instrumentation procedure. Sodium hypo- 
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Clinical procedure 9.1 



Prevention and treatment of 
complications due to 
extrusion of irrigating 
solutions beyond the apical 
foramen 






To prevent extrusion 

Use a small-diameter needle (0.4 mm), apply a rubber stop on the 

needle for length control, and insert no further than 2 mm short of 

the working length. 

Ensure that the needle is never locked into the canal. 

Do not use excessive pressure to force the fluid out of the syringe. 

Sequelae to extrusion 

Immediate pain response, which may or may not be followed by 

edema. 

Within a few hours extensive swelling may occur in lip and eyelid. 

After some days there may be an extraoral hematoma and some 

local soft-tissue necrosis. 

Treatment of severe sequelae 

Administer strong analgesics. Local anesthetic may be adminis- 
tered but no vasoconstriction should be used in order to prevent 
the development of further tissue necrosis. 
Cold compresses during the first 6 hours may give some relief. 
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chlorite is unable to dissolve this debris, which often 
contains bacterial organisms. Some contend that it is 
advantageous to leave the smear layer intact because it 
acts as a physical barrier for bacteria lodged in dentinal 
tubules and thereby locks them in. On the other hand, 
the smear layer counteracts disinfectants and blocks the 
penetration of medicaments into the dentinal tubules. It 
also interferes with adhesion and penetration of root 
filling material. For effective removal of the smear layer 
after preparation and irrigation with NaOCl one may 
leave EDTA in the canal for approximately lmin. 
Alternatively, citric acid may be used for smear layer 
removal. 

Other irrigants and methods for canal 
disinfection 

A variety of other irrigants have also found application 
in RCT including detergents, chemotherapeutics and 
combinations thereof. Only brief comments are given 
here as supporting clinical evidence for these agents is 
limited. 

Chlorhexidine. This agent is of interest because of its 
extensive use as an effective antimicrobial in other medi- 
cal and dental contexts. It is biocompatible and adheres 
to hydroxyapatite (25). Because of its affinity to dentin, 
chlorhexidine has been suggested as a final rinse, as, 
once bound to the surface, it has prolonged activity, a 



phenomenon called substantivity. Good clinical evidence 
confirming the advantage of the use of chlorhexidine as 
a final rinse is, however, lacking (71). As a sole iririgant 
in RCT it has the disadvantage of not being tissue- 
dissolving (47). 

Antibiotics. The local use of antibiotics in RCT has been 
regarded as inappropriate owing to the limited clinical 
efficacy attained in clinical trials and the potential for 
sensitization and induction of bacterial resistance. 
Recently, a mixture of doxycycline, a semi-synthetic tet- 
racycline, citric acid and a detergent (Tween 80) termed 
MTAD was introduced and has gained some popularity 
as a final rinse after NaOCl irrigation by virtue of promis- 
ing in vitro results (50). 

Photodynamic therapy. Photodynamic therapy is also 
under exploration (20). This method does not make use 
of active chemicals but uses light of a specific wavelength 
to generate oxygen-based free radicals in a non-toxic 
compound by photoactivation. This so-called photo- 
sensitizer is then administered to the instrumented root 
canals, where it may penetrate areas untouched by the 
instrumentation procedure and aid in killing residual 
bacteria following light activation. 



Interappointment dressing 




Ca(OH) 2 



Mechanical instrumentation and irrigation with an anti- 
microbial solution (biomechanical preparation) has been 
found to render root canals free of cultivable organisms 
in approximately 50-80% of treated cases (3-6, 44, 51, 55). 
In teeth where bacteria were still recovered the number 
was nonetheless greatly reduced, showing that bio- 
mechanical preparation and irrigation, if carefully con- 
ducted, is quite an effective means of bacterial removal 
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in RCT. Nevertheless, if there are space and potential for 
nutritional supply after the procedure, regrowth to origi- 
nal numbers may occur. Therefore, further measures 
need be taken to control the root canal infection. 

Essentially, there are two approaches to render the 
low number of remaining bacteria harmless: 

1. To further enhance bacterial elimination before the 
permanent root filling by applying a long-acting dis- 
infectant in the instrumented canal(s) between two 
treatment sessions; a so-called interappointment dressing. 

2. To entomb the remaining bacteria in the permanently 
filled root canal space. Root filling is then carried out 
after completion of the biomechanical preparation in 
the same visit. It is expected that the antibacterial 
activity of the root canal sealer, in its unset stage, kills 
the organisms and/or they become deprived of nutri- 
tional supply and space for regrowth if pathways 
from and to the periapical tissue are effectively 
blocked. This procedure is often referred to as one- 
appointment endodontics. 

In straightforward, non-symptomatic teeth, where treat- 
ment can be carried out without complications and with- 
in a reasonable time span, a case can be made for 
completion of RCT in one session (62). A one-visit treat- 
ment saves time and further offers the advantage that 
the peculiarities of the canal anatomy (e.g. curvatures, 
irregularities) are current to the operator and canals are 
therefore likely to be easier to fill than at a second 
appointment a week, or weeks or months later. 
Furthermore, any residual organisms in fins and crevices 
of the canal or in dentinal tubules, or both, may be 
enclosed by the root filling, thus offsetting their patho- 
genic potential. Against this approach can be argued that 
root fillings do not invariably seal root canals hermetically 
and any residual organisms may find both space and 
nutritional supply for regrowth, which may result in an 
endodontic failure. Indeed, Sjogren et al. (57), in a clinical 
follow-up, observed that the outcome of RCT of teeth 
with apical periodontitis was significantly less successful 
if cultivatable bacterial organisms were recovered at the 
time of filling rather than if not. Similar findings have 
been reported from an experimental study in monkeys 
(16). Although several studies support the view that, 
after biomechanical preparation and before the perma- 
nent filling, root canals should be medicated with an 
antibacterial dressing until a second treatment session 
(3-6, 61), conflicting data exist as to the merit of such a 
measure (36, 44, 67). Nonetheless, RCT should never be 
rushed at the expense of proper instrumentation and 
chemical disinfection in order to finish it in one session. 
Furthermore, awaiting the disappearance of clinical signs 
of ongoing infection is another strong argument for post- 
poning permanent root filling to a later appointment 
(Core concept 9.3). 






Core concept 9.3 



Reasons for withholding root 
filling until a later appointment 
after completion of 
biomechanical instrumentation 
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(1) To observe the direct effect of the treatment on the prevailing 
clinical symptoms, including pain, swellings and fistulae, and on 
lesions where the prognosis is regarded doubtful (if not resolving, 
renewed treatment can be carried out without having to remove 
the permanent root filling). 

(2) To control apical suppuration, exudation or bleeding. 

(3) To ensure that sufficient time is available for completion of the 
biomechanical preparation. 



Selecting an intracanal dressing 

Over the years a multitude of antimicrobial agents has 
been used for intracanal dressing in RCT, including 
pastes, various forms of tinctures and aqueous solutions 
(12, 17). Iodine-potassium iodide (IKI, 5% and 10%) is an 
example of an aqueous solution with appealing proper- 
ties. It is a potent disinfectant (41) because iodine evapo- 
rates to reach far into the dentinal tubules, crevices and 
fins of root canals (41, 49). Furthermore, its cytotoxic 
potential is low (59). However, in root canals the antimi- 
crobial activity is of short duration and IKI is therefore 
unsuitable for use over extended periods of time. In fact, 
this applies to any liquid medicament because such 
agents are rapidly inactivated in root canals, particularly 
when there is seepage of exudate from an apical inflam- 
matory process. As a consequence, there is potential for 
regrowth of bacteria in the interim phase (5, 6). If liquid 
medicaments are to be used they should ideally be 
applied only for a short period (5-10 min) followed by a 
temporary or permanent root filling in an attempt to kill 
organisms in spaces inaccessible to instrumentation (30). 
The clinical efficacy of such a measure is, however, 
equivocal (36). 

As an interappointment dressing, a substance should 
be selected that is not easily replaced by tissue fluid and 
that can remain physically intact over weeks or months. 
As such a water-slurry of calcium hydroxide (Ca(OH) 2 ) 
combines several attractive features (17, 53). It is a strong- 
ly alkaline substance (pH 12.5) that dissociates into calci- 
um and hydroxyl ions in aqueous solution; the latter 
provide antimicrobial effects (5) (Advanced concept 9.1) 
and tissue-dissolving capacity (27). With its fairly low 
solubility and mere physical presence, it may be used as 
an intracanal dressing over long periods of time (Fig. 9.7). 
Its most essential function is then to obstruct bacterial 
regrowth, which may occur by: 

• filling the instrumented root canal space and thereby 
serve as a space-holder; 
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• blocking nutritional supply of inflammatory exudates 
derived from the apical lesion; 

• serving as a deterrent for bacterial entry of the instru- 
mented canal by the release of bactericidal hydroxyl 
ions. 

It should be noted that because of its low solubility the 
antibacterial capacity of Ca(OH) 2 is limited to the near 
vicinity of the microorganisms. Therefore it cannot be 
expected to effectively kill organisms in non-instrumented 
parts of the root canal or bacteria lodged in dentinal 
tubules (41, 53) (see also Advanced concept 9.1). Yet, 
Ca(OH) 2 serves as an ideal intracanal dressing for follow- 
up of treatment effects and thus offers convenient 
scheduling of the patients. Thereby, ample time can be 
reserved for observation of tissue healing in progress, 
e.g. for large lesions, symptomatic lesions or when prog- 
nosis for a successful outcome in any other respect 
appears questionable (Fig. 9.7). 

In RCT, Ca(OH) 2 also serves an important function in 
controlling seepage of inflammatory exudates into root 
canals. This type of leakage is a particular problem in 
conjunction with symptomatic periapical lesions, where 
suppuration hampers effective disinfection and adhe- 
sion of root filling material to the canal walls. In such 
instances permanent root filling is contraindicated. 
Healing of the acute phase of the lesion is promoted by 
blocking the canal space for bacterial multiplication and 
the associated release of inflammatogenic substances to 
the periapical tissue. Normally this will occur within 
1 week and RCT can subsequently be continued. In other 
instances, for example in cases of large cyst-like lesions, 
repeated change of calcium hydroxide paste may be 
necessary before a treatment effect can be attained (7). 






Advanced concept 9.1 



The antibacterial effect of 
calcium hydroxide in RCT 






Calcium hydroxide is mainly used in saturated aqueous suspensions 
but also has been combined with many other vehicles (for overview 
see Ref. 17). An aqueous suspension generates high pH, which pro- 
vides great cytotoxic potential and kills bacteria and host cells by cell 
membrane protein denaturation and DNA damage (53). In spite of its 
tissue-damaging potential, Ca(0H) 2 has gained wide acceptance as 
an effective antimicrobial agent in endodontic therapies. An impor- 
tant rationale is that the substance is reasonably tissue compatible 
owing to its slow water solubility and diffusibility. Because of these 
properties, cytotoxicity is limited to the tissue area which it contacts, 
where limited necrosis is normally induced. Its lethal effects on bacte- 
rial cells also relate to its caustic action by the release of hydroxyl 
ions. Yet, owing to its poor solubility and diffusibility, Ca(0H) 2 is a 
rather inefficient antimicrobial for microorganisms lodged in pulpal 
remnants, crevices of the canal and dentinal tubules (41, 49). It has 
been shown also that hydroxyapatite inhibits its antibacterial capacity 
(24) and that Ca(0H) 2 is effective against only a limited spectrum of 
the root canal microbiota. For example, both enterococci and yeasts 
sustain a high alkaline environment and are able to survive in root 
canals medicated with Ca(0H) 2 (54, 65). These are likely reasons why 
controversy has emerged over its usefulness as an antimicrobial 
agent in RCT. Although several clinical trials have observed that root 
canals are rendered free of cultivable bacteria following its applica- 
tion for a week or more (6, 51), others have found that microorgan- 
isms can still be recovered from a substantial number of treated root 
canals (30, 42, 44). Differences in findings may relate to the type of 
teeth included in the studies and the associated effectiveness of the 
biomechanical preparation, sampling technique and the extent to 
which Ca(0H) 2 was eliminated from the root canals prior to the 
sampling procedure. 




Fig. 9.7 Case demonstrating successful RCT including interappointment Ca(OH) 2 dressing of tooth 36, where the prognosis was deemed questionable a priori 
owing to a large distal bone lesion and a lesion in the furcal region, (a) Initial radiograph; (b) follow-up radiograph at 6 months showing almost complete resolution 
of the bone lesions. (Courtesy of Dr C. Reit.) 
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Closing the root canal system between 
appointments 



Root filling 




Surface seal 



Bacteria-tight 
cement 



Ca(OH) 2 



To exclude bacterial contamination in endodontics, 
adequate temporary seals between appointments are 
required. Furthermore, canals should never be left open 
to the oral cavity for any extended period of time because 
of the risk of introducing oral organisms that are difficult 
to clear. 

The first step is to fill the instrumented root canal 
space in its entirety with Ca(OH) 2 . Application can be 
done following mixing of Ca(OH) 2 powder and sterile 
water to a creamy paste, which is spiraled into the canal 
with a lentulo spiral. This instrument is made of a fine, 
flexible wire spiraled in the shape of a reverse auger. It 
should be turned in a clockwise direction in a handpiece 
at slow speed and brought to the vicinity of the working 
length. Applying light pressure with a small cotton pellet 
at the canal orifice ensures the entire canal is filled. A 
disadvantage of this method is the risk of extruding 
Ca(OH) 2 beyond the apical foramen, and particular care 
should be taken when filling lower molars, which are 
close to the mandibular canal. While devices exist for 
injection of Ca(OH) 2 , e.g. a commercially available 
syringe filled with Ca(OH) 2 , the use of a lentulo spiral 
has been shown to be more effective (43). 

After application, the excess material in the pulp 
chamber should be removed and blotted dry with the 
end of a paper point or cotton pellet. The canal orifice 
and adjacent part of the pulp chamber should then be 
sealed with a soft temporary cement (e.g. Cavit, zinc 
oxide-eugenol) followed by a more rigid temporary 
filling that withstands the wear and pressure by occlusal 
forces (e.g. thick mixes of zinc phosphate cement, IRM, 
glass ionomer). The first layer of soft cement ensures that 
a bacteria-tight seal is established until the second visit. 
At the second visit an ultrasonic scaler or spoon excava- 
tor can then easily remove the cement without running 
the risk of damaging the tooth structure. 




Permanent root filling of teeth with an infected necrotic 
pulp should not be carried out unless the biomechanical 
preparation is complete and no exudation exists in the 
canal that prevents adherence of the filling to the root 
canal walls. It is also regarded good clinical practice to 
postpone permanent root filling until the tooth is free 
from pain and other clinical symptoms of root canal 
infection. An objective means which helps the clinician 
to decide when bacterial elimination is complete is not 
readily available. It was once believed that a bacterial 
sample would be able to provide guidance in this respect. 
Hence, a positive sample taken after biomechanical 
preparation would indicate that it should be continued, 
whereas a negative culture would signal successful dis- 
infection. The methodology is currently not commonly 
practiced as a treatment control as many residual organ- 
isms may escape detection by sampling and laboratory 
processing (see also Advanced concept 9.2). 

Clinical and radiographic follow-up 

Patients subjected to RCT should be asked to return for a 
check-up appointment within a period of 6-12 months 
(15). The purpose of that appointment is to ensure, by 
clinical and radiographic examination, that healing is 
complete or in progress. Signs of a successful outcome 
are that no clinical symptoms (pain, fistulae, tenderness 
and swellings) prevail or have appeared (Core concept 
9.4). Inspection, palpation and percussion tests and 
examination of periodontal pocket probing depths (to 
search for fistulae along the periodontal ligament) can 
confirm such a condition. 

Radiographic examination reveals the extent to which a 
preoperative radiolucency has disappeared (Fig. 9.3). By 
4-6 months, radiographs may already reveal signs of bone 
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Advanced concept 9.2 



The use of bacteriological 
sampling in RCT 



There are situations when bacterial sampling of root canals is a valu- 
able tool. One is when RCT does not result in elimination of clinical 
symptoms. Such problems may be associated with the presence of 
unusual pathogens, i.e. Pseudomonas, Proteus and Staphylococcus 
aureus. In other instances, the lack of therapeutic effect may be due 
to a severe contamination problem. In medically compromised 
patients on immunosuppressive therapy and in patients at very high 
risk of endocarditis or with multiple heart valve prostheses, a sample 
at the initial appointment is warranted to determine antimicrobial 
susceptibility in case a flare-up or a systemic complication ensues. 
This precaution may be undertaken in spite of the facts that patients 
are prescribed antimicrobial prophylaxis and that not all microorgan- 
isms may be susceptible to the prescription given. If possible, it is 
normally wise to refer these patients to an endodontic specialist. 

Collecting a sample from root canals requires access to a laboratory 
that can process it. Some dental schools and large hospitals offer a 
mail-in service and provide culture materials, including sampling fluid 
and transport media. 

Taking a sample requires effective rubber dam isolation and proper 
disinfection to avoid inclusion of contaminating organisms. This pre- 
caution is absolutely essential, otherwise the information is worth- 
less. In line with these measures, all subsequent procedures must be 
undertaken with sterile instruments and proper aseptic technique. 
Prior to sampling, canals should have been emptied of paste medica- 
ments for several days to allow the accumulation of a sufficient num- 
ber of organisms to be collected. Following the opening of the canal, 
any exudate present is first collected onto an absorbent point. The 
point is then transferred to a vial containing transport medium. If the 
canal is dry, sampling fluid is added and a root canal instrument, 
preferably a Hedstrom file, is used to shave off dentin debris from the 
root canal walls along the canal length. Paper points are used to 
transfer the suspension of dentin filings and sampling fluid to the 
transport medium. The sample, along with a completed referral form, 
should be mailed to the laboratory within 1 day. The result can usually 
be received within 1 week. 



j 



Core concept 9.4 Evaluation criteria 



Root canal therapy is considered successful when there is: 

No pain to apical palpation. 

No pain or tenderness to percussion. 

No sinus tract. 

No swelling. 

Complete bone healing. 

Halted root resorption. 



healing in progress (Fig. 9.7). Although some lesions take 
longer to heal, most healing lesions are likely to resolve 
with complete bone fill within 1 year (see also Chapter 18). 
In cases with a large lesion, where a self-sustaining and 
expanding cyst or other pathological lesion may be sus- 
pected, it is recommended to carry out the recall by 4-6 
months. If healing is obviously not in progress, a surgical 
procedure maybe considered (Chapter 18). 



Considerations in complex cases 

Canal anatomy may be such that cleaning and disinfec- 
tion of the root canal system can be conducted only with 
great difficulty, depending on partial or total obstruction 
due to previous injury by trauma or operative procedure 
(Fig. 9.5a), severe canal curvature (Fig. 9.5b) and devel- 
opmental anomaly (Fig. 9.5d-h). It is therefore very 
important to identify carefully any potential difficulties 
prior to initiation of RCT (8, 46) (Fig. 9.8) and consider 
referral to an endodontic specialist or experienced col- 
league in especially challenging cases. 

Nevertheless, conservative management of what 
appears to be a hopeless case, for example teeth with 
only partially negotiable canals, may still be successful by 
conventional RCT (1) (Fig. 9.8). The prognosis is unpre- 
dictable, however, and should be regarded as guarded. If 




Fig. 9.8 (a) Instrumentation was not possible over the entire length of the distal root in a lower molar owing to obliteration, 
nevertheless reduced in size. Clinically, the tooth remained asymptomatic. 



) At recall 2 years later the lesion 
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a permanent cast restoration is planned for the tooth in 
question, it is sensible to postpone restoration until there 
are clear signs of healing in progress. 



Effects of root canal therapy on the 
intracanal microbiota 

As described in Chapter 6, the microbiota of infected 
necrotic pulps is normally dominated by anaerobes, 
whereas facultatives usually occupy a minor portion of 
the root canal flora. However, there is great variation 
and a large number of individual species and combina- 
tions of species can be associated with the development 
and continuance of apical periodontitis. Therefore, and 
because of the potential for organisms to prevail in bio- 
film structures on the root canal walls (Chapter 6), there 
is little support for treatment approaches that selectively 
focus on specific organisms. Findings of a dominance of 
facultatives, especially therapy-resilient enterococci in 
retreatment cases (cases where lesions have appeared or 
failed to heal subsequent to endodontic therapy; 35, 60), 
suggest that RCT is normally effective in combating the 
anaerobes. On this basis, one may reason that RCT, if not 
effective, may select for the most robust segment of the 
root canal microbiota (11). Surviving microorganisms 
exposed to antimicrobial measures in RCT may also 
adapt their physiology to the changed environmental 
conditions set by the treatment (9). For example changes 
in pH by calcium hydroxide medication may trigger the 
release of stress proteins making surviving organisms 
more resistant to further treatment attempts (10). 
Consequently, it can be regarded as important that the 
best possible effort to eradicate microorganisms should 
be taken at the initial treatment session. It seems reason- 
able, therefore, to caution against a procedure whereby 
instrumentation and chemical disinfection is carried out 
only half-way, and to postpone completion of bio- 
mechanical instrumentation to a later session. 




Fig. 9.9 A case with both buccal and palatal swellings due to an acute flare- 
up of apical periodontitis associated with tooth 12. 



cellulitis or a periapical abscess may have already 
matured and manifested itself as a subperiosteal or sub- 
mucosal abscess with distinct intraoral or extraoral swell- 
ings, or both. To alleviate the condition, RCT is still the 
treatment of choice. However, in these instances patients 
often visit the dentist for an unscheduled appointment, 
and time may therefore set limits for what it is possible to 
do. There may also be a variety of other circumstances 
that makes proper RCT impossible to carry out at the 
time the patient seeks treatment. Some of these are tech- 
nically related and include the presence of obstructions 
in the root canal that require substantial time to remove 
before the rest of the canal(s) can be accessed. Examples 
are hard-tissue obliterations, previous root fillings and 
crowns with posts. Thus, by its very nature, emergency 
treatment will often have to be a compromise, where the 
primary objective is to get the patient out of pain. 
Consequently, although a complete instrumentation and 
medication of the tooth is highly desirable to combat the 
infecting microbiota, it is only a secondary objective at 
this point and RCT may have to be put on hold until the 
patient can be seen at a regularly scheduled appointment. 



Management of symptomatic lesions 

Most lesions associated with an infected necrosis of the 
pulp prevail without acute signs of inflammation (pain, 
tenderness, fistulae, swellings). Nevertheless symptom- 
atic lesions may develop spontaneously or be initiated in 
conjunction with RCT (Fig. 9.9) (Chapter 7). This section 
of the chapter is devoted to measures to be undertaken 
in such cases. 

Painful cases prior to RCT 

Symptomatic lesions may be associated with or without 
a distinct soft-tissue swelling. In some of these lesions, 



General procedure 

An emergency procedure includes several critical steps: 

1. Establishment of a correct diagnosis of the condition. 

2. Assessment of the severity and a decision as to 
whether an invasive RCT and/or incision and drain- 
age procedure is needed or if the condition can be 
managed by analgesics. 

3. Emergency treatment. 

4. Rescheduling for completion of RCT or endodontic 
surgery, if needed. 

Any emergency treatment must take into account the 
management of both the root canal system and the peri- 
apex. If canals are accessible, opening the root canal(s) 



154 The Necrotic Pulp 




Fig. 9.10 Drainage of submucosal abscess is obtained by the use of a 
scalpel, (a) Fluctuant swelling in the upper premolar/molar region, (b) scalpel 
in place to make a ca. 1 cm cut into the abscess whereupon (c) pus is 
released. 



gives an opportunity to obtain drainage of exudate or 
pus (see further below) and to combat the infecting 
microbiota by biomechanical instrumentation (RCT). The 
emergency procedure may also include an attempt to 
drain off an abscess by surgical incision (Fig. 9.10). If 
canals are not accessible and if drainage by incision is not 
deemed possible, the emergency treatment may have to 
be limited to prescription of a strong analgesic and post- 
ponement of further measures until a more suitable time 
is available within a couple of days. 



apical foramen using a thin root canal instrument. If such 
drainage does occur, there is often immediate pain relief. 
It is highly important that the apical foramen is not 
pierced with instruments of sizes larger than ISO 10-20, 
otherwise one runs the risk of causing an apical over- 
preparation and zipping of the apical foramen, thus 
making subsequent RCT difficult (see above). Thereafter, 
it is sufficient to clean the root canal system properly and 
close it up with a dressing of Ca(OH) 2 and temporary 
cement in the access opening. 



Emergency RCT 

In teeth that hurt because of a painful manifestation of 
apical periodontitis, even the slightest pressure may 
cause pain and therefore the root canals of such teeth 
should be accessed with high-speed burs and light 
pressure. Occasionally it may be necessary to give local 
anesthesia. In all other aspects the RCT is no different to 
that performed in routine non-symptomatic cases. 

In spreading inflammatory processes (cellulitis, sub- 
periosteal abscess), drainage of exudate or pus under 
pressure may be possible along the root canal space. 
Sometimes it occurs directly in conjunction with access 
to the pulpal chamber (Fig. 9.11). In other instances 
drainage may be obtained by careful bypassing of the 




Fig. 9.1 1 Drainage of pus along the root canal upon access of an upper lat- 
eral incisor with a necrotic pulp and painful apical periodontitis. 
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Ledermix a corticosteroid-tetracycline-containing paste, 
has also been advocated for intracanal medication in 
these cases. In a clinical trial, it gave better control of pain 
associated with acute apical periodontitis than that expe- 
rienced by patients who had received a dressing of 
calcium hydroxide or no intracanal dressing at all (14). 
The advantage of using this compound, however, must 
be weighed against the risk of sensitizing the patient to 
the antibiotic. To be effective Ledermix needs to be spun 
into root canal(s) with a lentulo needle so that the mate- 
rial makes direct contact with the periapical tissue, thus 
enhancing that risk. 

With an abundant drainage of pus that does not halt 
immediately, it is advisable to let the patient sit for a 
while before closing the canal system, in order to equili- 
brate the apical tissue pressure. One should not leave 
canals open to the oral environment because this may 
cause a severe contamination problem. Leaving root 
canals open without a surface seal may contribute to the 
establishment of a microbiota, including enteric bacteria 
and yeasts, which may be difficult to eradicate (65). 

If drainage of an abscess can be obtained by either root 
canal instrumentation or incision and drainage, prescrib- 
ing antibiotics is redundant and undesirable. 

If there is a lack of time and there is no drainage on 
careful piercing of the apical foramen after creating 
access, one has to close the canal system and postpone 
further biomechanical instrumentation until a more suit- 
able occasion can be found. On many occasions pain 
relief can be obtained by such a drainage technique, but 
pain may not be alleviated immediately following emer- 
gency RCT, and the patient must be made aware of this 
(Core concept 9.5). 

Pulp necrosis with a localized fluctuant swelling 

With a localized, fluctuant, soft-tissue swelling indicat- 
ing a submucosal abscess, an incision and drainage pro- 
cedure should be attempted (Fig. 9.10). It is not possible 
to state categorically whether this should be done before 
or after accessing the root canal system, but as a rule of 
thumb it is recommended to carry out the procedure 
first, if there is an obvious fluctuation. 

With a non-fluctuant tissue swelling it is advisable not 
to incise the tissue because of the concern of worsening 



Core concept 9.5 Pain relief after emergency RCT 
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Pain may not disappear immediately after emergency RCT, therefore 
it is essential to: 

Explain the situation to the patient. 

Adjust the occlusal contacts. 

Prescribe a suitable analgesic. 

Be available to the patient if severe pain continues. 



the condition and causing the spread of the process. 
Controlling the pain with analgesics until fluctuation 
occurs is normally the best choice of treatment because 
the administration of antibiotics may not be effective (see 
below). 

Occasionally, localized intraoral swellings are accom- 
panied by some extraoral distension resulting in an 
elevated cheek, swollen lips and sometimes even swol- 
len eyelids. Usually, these symptoms do not require 
additional treatment or medication unless the swelling 
rapidly diffuses. 

Pulp necrosis with diffuse swelling 

In the presence of diffuse swelling that has rapidly pro- 
gressed and is accompanied by systemic signs including 
fever (>39°C) and general malaise, patients should be 
referred to a hospital where intravenous antibiotics are 
usually given. In these cases it is not advisable to try to 
control the infection by oral antibiotics prescribed by the 
general practitioner. 

Use of antimicrobials (antibiotics) 

In general the systemic use of antibiotics is a valuable 
adjunct to the treatment of infectious diseases. However, 
the risk of causing bacterial resistance makes it necessary to 
restrict their use in endodontics to those cases in absolute 
need. Such cases are primarily those where symptoms of 
endodontic infection suggest marked progression or sys- 
temic involvement, or both. The purpose of an antibiotic 
prescription is then to help to contain the process and to 
avoid possible serious systemic consequences (see also 
Chapter 8). This means that antibiotic therapy is not appro- 
priate for the treatment of localized swellings where drain- 
age and debridement can be successfully conducted. 

In the exceptional case when antibiotics are to be 
prescribed, an adequate drug and accurate dosage should 
be given. Because there is no way of knowing which spe- 
cific organisms are causing the lesion, the prescription 
must be initiated on an empirical basis. Thus, seeing the 
patient on a daily basis until the infectious process is 
contained should allow careful monitoring of the result 
of therapy. If a satisfactory response does not occur 
within the next few days, one may consider changing 
the antimicrobial. For drug selection, a careful history of 
allergy and drug reaction is necessary and one should 
consult the appropriate background literature for possi- 
ble side-effects. 

Management of postoperative pain - 
endodontic flare-up 

Although painful conditions are normally prevented or 
cured by RCT, the RCT per se may also cause pain and 
swelling. This may occur even in teeth that were free of 
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pain prior to treatment. The incidence of such conditions 
has been reported to be as high as 20-40% of treated 
cases (18), whereas the incidence of severe pain condi- 
tions appears to be <5% (26, 61, 66). 

The primary cause is to be sought in the treatment 
procedure itself, whereby bacteria and bacterial elements 
have been extruded into the periapical tissue compart- 
ment and caused an exacerbation of the inflammatory 
lesion. An exacerbation may also follow inadvertent 
extension of the apical foramen, which allows an 
enhanced nutritional supply to bacterial organisms that 
survived the initial treatment. Normally these so-called 
endodontic flare-ups have a sudden onset, but may not 
emerge until 1-2 days after the procedure. Improper use 
of irrigants and root canal dressings may also cause a 
painful condition. If used correctly, root canal dressings 
and irrigation do not trigger more postoperative pain 
than the use of saline as an irrigant (26). 

Management aspects 

Research has shown that in over 50% of patients who 
experience pain after treatment the pain disappears 
within 1 day. After 2 days 90% were relieved of pain, 
whereas for only 3% pain lasted for longer than 1 week 
(19) (Key literature 9.1). This means that most painful 
conditions do not need active treatment and can be 
managed by analgesics, although a number of patients 
experience severe pain and need to be seen again for 
assessment or active treatment. 

If pain is not severe (can be suppressed with a mild 
analgesic) it is best to abstain from further treatment, 
reassure the patient and prescribe a mild analgesic if no 
analgesic is being used already. Adjustment of occlusion 
also provides comfort. If pain is severe, the therapy 
depends on whether or not the previous canal prepara- 
tion was complete or if the canal was permanently filled: 

• If pain develops after incomplete instrumentation, 
then opening the canal and completing the RCT is 
appropriate. 

S N 

Key literature 9.1 



Genet etal. (19) carried out a clinical follow-up study of 443 teeth in 
443 patients, reporting the association between preoperative and 
operative factors and the incidence of postoperative factors after the 
first visit. Postoperative pain occurred in 27% of the cases, of which 
5% was severe. A positive correlation was seen between the inci- 
dence of postoperative pain and: the presence of preoperative pain in 
cases of teeth with necrotic pulps; the presence of a radiolucency 
>5mm in diameter; and the number of root canals treated. Women 
more frequently reported pain than men. When each of these factors 
was analyzed independently they remained statistically significant, 
suggesting that the effects were cumulative. 
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Core concept 9.6 Patient information and advice 

Patients may be greatly upset or concerned about the development or 
continuance of pain after RCT, especially when they have not received 
proper prior information that such complications may emerge. It is 
crucial that patients are told that an asymptomatic tooth treated for 
an infected pulp necrosis may become sensitive or even painful. It is 
also necessary to advise the patient about which measures to under- 
take, e.g. to call and get an emergency appointment. Good explana- 
tion and advice prevent considerable concern and may make pain 
more tolerable (58). 



• If pain persists or occurs in spite of complete bio- 
mechanical preparation, then reopening the tooth to 
attempt to drain off pus or exudates may alleviate the 
condition. After proper isolation with a rubber dam, 
gently instrument the canal with a thin ISO 20 instru- 
ment. If pus is discharged, then usually the pain is 
greatly reduced or disappears. The procedure is then 
to leave the tooth alone until pus stops discharging 
and then irrigate, dry and close up the access open- 
ing. The problem may not invariably resolve by such 
a measure, particularly if no pus is noticed, therefore 
a decision to reopen a properly instrumented and 
medicated root canal should be taken after careful 
assessment of the case and consideration of prescrib- 
ing strong analgesics instead (13). The patient should 
be informed that the pain is expected to subside 
within the next few days (Core concept 9.6). If the 
condition continues to be severe, a surgical procedure 
may have to be carried out. 

• Filling of the root canal seldom results in severe post- 
operative pain (26, 63) although discomfort may be 
experienced after overfilling (21). If a painful condi- 
tion appears, the case is best managed by pain medi- 
cation, because the root canal is blocked for possible 
drainage. Furthermore, removal of the root canal 
filling may cause extrusion of root filling material 
and inadvertent overpreparation of the foramen. In 
the case of subperiosteal or submucous abscess, an 
incision may result in the necessary drainage. Apical 
surgery or extraction may have to be carried out if the 
condition persists. An experienced colleague or end- 
odontic specialist may be consulted prior to deciding 
on a possible unnecessary removal of the tooth. 
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Chapter 10 

The surgical microscope 

Pierre Machtou 



Introduction 

The desire to see better in order to address the complexity 
of the root canal system of teeth by endodontics has 
naturally led to the use of optical aids. Simple magnify- 
ing glasses (conventional Galilean optics) or magnifying 
glasses mounted on spectacles make it possible to achieve 
magnification up to 5x. Beyond these enlargements, 
optical systems become too heavy and cumbersome 
for them to be used for long periods without discomfort. 
If a source of light is fitted, the weight of the device 
increases even further. Although these measures for 
magnification are distinct improvements beyond the 
naked eye, the surgical microscope offers a stereoscopic, 
three-dimensional, enlarged image under bright illumi- 
nation at a comfortable working position that will greatly 
enhance the precision of endodontics (Fig. 10.1). Thereby 
root canal orifices can be more easily found (Figs 10.2 
and 10.3a-c), cracks and fractures revealed (Fig. 10.4), 
and instrumentation and filling procedures in both con- 
ventional (Fig. 10.3d-f) and surgical endodontics 
(Fig. 10.5) facilitated. This short chapter describes the 
principal uses and applications of the surgical microscope 
in endodontic therapies. 



Components 

The optical system 

The surgical microscope intended for dental operations 
consists of three key components: an ocular head (view- 
ing tube) holding two eyepieces, intermediate magnifi- 
cation lenses and the main objective lens (Fig. 10.6). 

The focal length of the eyepieces lies between 100 mm 
and 160 mm, with magnification values from 10 x to 
12.5 x . The eyepieces comprise an adjustment ring with 
settings to compensate for visual defects. The distance 
between the eyepieces is adjustable in order to match the 
appropriate interpupillary distance of the eyes. To be 
functional in most clinical situations it should be possible 
to tilt the ocular head in the frontal plane. 



The magnification lenses placed between the eye- 
pieces and the main objective make it possible to have 
several magnifications (generally from 5x to 25 x). They 
are optical blocks mounted on a turret, from which, with 
the aid of a ring, the magnification most appropriate to 
the sequence of the operation can be selected. On the 
most sophisticated models this variation is controlled via 
a zoom lens. 

The lens nearest to the object to be examined, the 
main objective lens, may have a varying focal length, 
chosen depending on the height and the working habits 
of the operator. It can vary from 200 mm to 300 mm 
and determines the working distance (distance from 
object observed to the objective lens). See Advanced 
concept 10.1. 

The mechanical system 

A suspension system is provided to ensure stability and 
balance inherent movements of the microscope away 
from the position in which it is originally placed, other- 
wise major operating difficulties would ensue. The 
system of arms is either mounted on a movable floor 
stand or fixed either to the wall or to the ceiling of the 
surgery. On purchasing an operating microscope the 
flexibility and ability of this mechanical system to offset 



Advanced concept 10.1 



The total magnification (G t ) of an operating microscope can be deter- 
mined by the Serafin and Georgiade formula: 

Gt = (foe/fob) x Goc x Gj 
where F oc is focal length of the eyepiece, F ob is the focal length of the 
objective, G oc is magnification of the eyepiece and Gj is magnification 
of the system of intermediate lenses (magnification prisms). The total 
magnification values suitable for endodontics range from 4x to 40x. 
When one knows that the resolving power of the eye is 200 pm and 
that it can attain 5 pm at a magnification of 40x, one can readily 
understand the quantum leap in terms of precision the surgical micro- 
scope can provide. 
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Fig. 10.1 Working position with the surgical microscope. 



movements is a determining factor. Where the working 
conditions allow, a ceiling mount is the preferred choice. 

The illumination system 

The light system consists of either a 150 watt halogen 
lamp or a xenon arc lamp, which gives comfortable 
cold, white light. The light is conducted by fiber optics 
and generates a luminous beam parallel to the optical 



beam with no shadow effects. A video camera is a useful 
accessory, which not only makes it possible to record 
sequences for patient demonstration and teaching pur- 
poses, but also enables the operating assistant to follow 
the work and increases his or her involvement in it. 



Ergonomics and working techniques 

Contrary to the work carried out with no optical aids, or 
use of magnifying glasses, it is only exceptional that 
operations with the microscope can take place in direct 
vision. Therefore one must realize that a learning period 
is required to become proficient in use of the surgical 
microscope, the length of which depends on whether or 
not one is accustomed to working in indirect vision. The 
microscope is a new tool and, to make the mastery of its 
use simpler and quicker, it is of prime importance to 
restrict oneself to working in indirect vision during the 
training period. 

The use of mirrors 

For use of the microscope in indirect vision it is impor- 
tant to position the mirror as far as possible away from 
the teeth to be treated in order to limit spray and scatter 
of debris. This is especially significant when operating 
on maxillary teeth. Two mirrors may be used, so that one 
can be cleaned while the other is in use for rapid 
exchange. Small mirrors are sufficient and sensible to 
limit congestion of the working area, as endodontics 
does not require a view of the adjacent teeth (not the case 
in other operative procedures such as prosthodontics). 

Working positions 

The placement of the microscope and the patient deter- 
mines the achievement of a comfortable position when 
working with a microscope. To ensure precision of the 
hand movements required, the thighs and the forearms 
of the operator must be parallel to the floor, the feet 
firmly placed and the back straight while the eyes are at 




Fig. 10.2 Indistinct positions of canal orifices in a 
severely broken down upper molar (a) cleared by ultra- 
sonic preparation under the use of the surgical micro- 
scope (b). (Courtesy of Dr Claes Reit.) 
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Fig. 1 0.3 Series of images demonstrating by the use of the surgical microscope the exploration (a-c) and initial preparation (d-f) of a second canal (MB2) in the 
mesiobuccal root of an upper molar. 
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Fig. 1 0.4 Observation of cracks (a) at the distal aspect of a lower premolar, (b) in the lingual wall of a lower molar extending to the floor of the pulpal chamber. 
(Courtesy of Dr Dominique Martin.) 




Fig. 10.5 Illustrations of various phases in surgical endodontics: (a) after resection of root tip, (b) root-end preparation with diamond-coated ultrasonic tip, 
(c) root-end preparation by hand instrument, (d) canals filled with MTA. (Courtesy of Dr Stephane Simon.) 



the oculars. For this reason, a chair with an armrest 
improves operating comfort. The operator should be 
positioned between 11 o'clock and 12 o'clock in relation 
to the patient (Fig. 10.1). 

The area to be treated governs the position of the 
patient. In the anterior mandibular sector where direct 
vision may be possible, the patient is seated with the 
back at 120° or 180° if indirect vision is used. In lateral 
mandibular areas for indirect vision the patient is placed 
at 180° with the head hyperextended and the body of 
the microscope angled at 90-120° (from back to front) 
(Fig. 10.7a). Indirect vision of upper maxillary teeth 
requires the patient to be recumbent at 150-180° and the 
body of the microscope angled at 60-90° (from front to 
back) (Fig. 10.7b). 



Eyepieces 




Objective lens 



Viewing tube 

inclined or tiltable tube to 

permit ergonomic treatment 

Magnification changer / zoom 
for changing from overview to 
detailed observation 



• Coaxial illumination 

(halogen or xenon) 
delivering optimum light to 
the working area 

Fig. 10.6 Essential components of a surgical microscope. 
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Fig. 1 0.7 Working position while exploring root canals of posterior teeth of (a) the lower jaw and (b) the upper jaw. 



Working under the microscope can be conceived as a 
job for four hands. While taking care of aspiration and 
keeping the mirror and the working area clear, the 
assistant is best placed to the left of the patient with a 
right-handed operator. The use of a video camera and 
a control screen enables the assistant to anticipate the 
operator's needs and improves the efficiency of the 
support. 



Microinstrumentation 

Miniaturized tools have been produced to promote and 
assist the use of the operating microscope in endodon- 
tics. Some of these tools are mentioned as they greatly 
can facilitate the operations: 

• micro-tips for irrigation (Stropko) producing a fine 
air-jet (Fig. 10.8); 

• long-handle mounted K and H files to locate canal 
orifices without obstruction of vision (Fig. 10.9); 



• micro-mirrors of varying sizes (2-5 mm) and shapes 
(circular or rectangular) to be used in endodontic 
surgery procedures (Fig. 10.10); 

• sonic or ultrasonic micro-cutters for searching root 
canal orifices and for root preparation of canals in 
surgical endodontics (Fig. 10.11). 

Critical steps 



A series 



of steps is to be taken in order to set up 
operation with the surgical microscope: 



efficient operation with the surgical microscope 



an 



2. 



Position the patient with the angle of the backrest 
adjusted in accordance with the area to be treated. 
Be comfortably seated with the back straight: the 
height of the dental chair and the chair for the opera- 
tor should be adjusted to achieve this. 
Position the microscope. 

Set up the illumination using a potentiometer in order 
to avoid thermal shock that can damage the bulb. 





Fig. 10.8 The Stropko irrigator instrument to be used with the surgical 
microscope for precise control of irrigation or drying. 



Fig. 10.9 Specially designed hand-files to allow location of canal orifices 
without obstruction. 
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5. Set proper interpupillary distance of the eyepieces, 
which is recorded. 

6. Set the diopters to adapt to the individual operator's 



vision. 



Fig. 10.10 Small micro-mirrors designed for use during surgical 
endodontics. 




Fig. 10.11 Ultrasonic micro-cutters for use during orthograde endodontics. 



7. Adjust the position of the microscope using the halo 
reflected by the mirror positioned on the tooth to be 
treated. 

8. Focus with the aid of the fine focus knob. 

The treatment can now be initiated. Prior to the root 
canal work per se first check and adjust the sealing of the 
rubber dam around the tooth. Then carry out access 
opening, locate canal orifices and search for supernu- 
merary, hidden or malformed canals; in maxillary molars 
for MB2 (Fig. 10.3). Upon completion of the instrumenta- 
tion and disinfection procedures examine the canal, 
place interappointment dressing or fill the canal system 
under visual control. 



Concluding remarks 

With illumination and adjustable magnification the sur- 
gical microscopic has become a most useful adjunct to 
both orthograde and surgical endodontics. In conven- 
tional endodontic therapy it benefits not only the treat- 
ment procedures but also the ability to reveal craze lines, 
cracks and fractures that normally escape detection by 
the naked eye; these observations may impact upon the 
decision to continue treatment. The surgical microscope 
enhances the potential to carry out effective retreatment 
procedures by aiding in the detection of untreated root 
canals, perforations of the pulp chamber floor and strip- 
ping of the canal walls. It also helps in bypassing ledges 
and carrying out controlled removal of root filling mate- 
rial and intracanal obstacles, such as broken instruments 
and insoluble sealers. 
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Chapter 11 

Root canal instrumentation 

Lars Bergmans and Paul Lambrechts 



Introduction 

Accurately prepared root canals that allow effective 
elimination of soft and hard-tissue elements, disinfection 
and obturation of the canal system are critical to success- 
ful endodontic treatment. The procedure, which often is 
referred to as " cleaning and shaping" (34), is often a diffi- 
cult and time-consuming task. Root canal instrumenta- 
tion therefore requires a systematic approach to avoid 
underpreparation and iatrogenic injury, errors that may 
cause a poor prognosis for the treatment. In this chapter 
concepts for effective root canal instrumentation are 
reviewed. Materials and guidelines for clinical use are 
described, based on root canal system anatomy and final 
shaping objectives. 



Principles of root canal instrumentation 

Root canal instrumentation is accomplished by the use of 
endodontic instruments and (antimicrobial) irrigants 
under aseptic working conditions. A primary objective 
of this chemomechanical preparation, in teeth with 
either vital or non-vital pulps, is shaping the root canal 
space. It is generally accepted that the most appropriate 
final root canal shape is a tapered (conical) preparation 
with the smallest diameter at the end-point near the root 
tip, and the widest at the canal entrance. Special atten- 
tion should therefore be paid to the apical level and the 
original path of the canal. As a general rule, the removal 
of root dentin should be centered, i.e. with respect to the 
initial root canal anatomy. In the process existing soft- 
tissue elements, serving as potential substrate for growth 
of remaining microorganisms, will be removed as well. 

Root canal instrumentation may be carried out using 
hand-held or machine-driven (rotary) instruments. 
These instruments come in many configurations but are 
conventionally grouped according to ISO (International 
Organization for Standardization) and ANSI (American 
National Standards Institute) standards. The quality, 
sizing and physical properties of endodontic instruments 
and the materials used for their manufacture are therefore 



well defined. Instrument properties (e.g. stiffness) relate 
to type of alloy (stainless steel versus nickel-titanium), 
degree of taper (conicity) and cross-sectional design. 

Stainless steel files have a high inherent stiffness that 
increases with increasing instrument size. As a result, 
restoring forces attempt to return the instrument to its 
original shape when preparing a curved root canal, espe- 
cially when using a filing motion. An instrument that is 
too stiff will cut more on the convex (outer) side than on 
the concave (inner) side, thereby straightening the curve 
(Fig. 11.1). The resulting "hour-glass shape" and canal 
aberrations (e.g. ledge, zip and perforation) leave an 
important portion of the root canal wall uninstrumented 
and create an irregular canal shape that is difficult to 
clean, disinfect and fill properly. 

Over time, researchers and clinicians have found a 
variety of methods to deal with the stiffness of stainless 
steel instruments. As a result, various movements for the 
manipulation of these files and approaches to shape the 
canal were proposed. While skillful operators can handle 
these techniques, shaping a curved root canal with stain- 
less steel hand files remains a time-consuming and most 
challenging exercise. 

Besides adaptations in file design and use, the problem 
of instrument stiffness has been answered by the use of 
nickel-titanium (Ni-Ti) rather than stainless steel (44). 
Nickel-titanium's unique property of super-elasticity 
may allow hand (and rotary) files to be placed in curved 
canals with less lateral force exerted. Conceptually, all 
such files are made from Nitinol, 1 an equiatomic Ni-Ti 
alloy (using about 55 wt% Ni and 45 wt% Ti, and substi- 
tuting some Ni with less than 2wt% Co) with a low 
modulus of elasticity and a greater resistance to plastic 
deformation. 

Recent advances in the field of endodontics have led 
to the use of Ni-Ti rotary files in general and specialized 
dental practice. The idea behind this development is the 
belief that Ni-Ti rotary file design and the adopted 



1 The symbols of the metals were combined with the place of 
invention (Naval Ordnance Laboratory, Silver Springs, MD, 
USA), creating the acronym NiTiNOL. 

169 



1 70 Endodontic Treatment Procedures 




Fig. 11.1 The stiff instrument tends to straighten 
within the curved root canal (1), causing ledge forma- 
tion (2), zipping (3) or perforation (4). 



crown-down sequence (see further below) could improve 
both quality and efficacy of root canal preparation. For 
instance, owing to the existence of a greater taper design, 
these files could easily provide sufficient shape at the 
transition between the middle and apical one-thirds of 
root canals. However, innovation rarely comes without 
its own set of challenges. Before entering the exciting 
field of Ni-Ti rotary instrumentation, some basic prepa- 
ration concepts such as straight-line access and shaping 
objectives in relation to tooth anatomy should be com- 
pletely understood. Purely commercially driven use, on 
the other hand, may cause procedural errors (e.g. high 
incidence of instrument fracture) and frustration. 



Root canal system anatomy 

Root canal(s) versus root canal system 

The specific features and complexity of the internal anat- 
omy of the teeth have been thoroughly studied. Using a 
replica technique on thousands of teeth, Hess (15) made 
clear as early as 1917 that the internal space of dental 
roots is often a complex system composed of a central 
area (root canals with round, oval or irregular cross- 
sectional shape) and lateral parts (fins, anastomoses and 
accessory canals). In fact, this lateral component may 
represent a relatively large volume, which challenges the 
cleaning phase of the instrumentation procedure in that 
tissue remnants of the vital or necrotic pulp as well as 
infectious elements are not easily removed in these areas. 
Thus, the image of root canal(s) having a smooth, conical 
shape is generally too idealistic and underestimates the 
limited reach of root canal instrumentation. 

In dental practice, complete visualization of the lateral 
component of the root canal system is normally not 
possible. Common radiographic techniques, both con- 
ventional and digital, have limited resolution and pro- 



vide only two-dimensional (2D) projection views. Even 
though the paralleling technique with orthogonal and 
eccentric projections improves our understanding, part 
of the lateral anatomy, especially in the buccolingual (or 
buccopalatal) plane, will remain invisible (Fig. 11.2a-d). 
Limited perception of root canal system anatomy may 
cause procedural difficulties and may invite the clinician 
to follow a 2D-based approach in a routine-like fashion, 
where instrumentation to the final working length early 
in the shaping procedure often causes procedural 
mishaps. 

A new 3D technique for in vitro dental research, called 
microfocus computed tomography (micro-CT), has pro- 
vided detailed and accurate visualizations of the external 
and internal anatomy of teeth, which are useful for sci- 
entific and educational purposes (Fig. 11. 2e, f) (5). In 
addition, the " typical or average anatomy", as presented 
for each type of tooth in many textbook tables, has given 
way to individual appearance being the key to achieving 
high success of endodontic treatment. Apart from the 
varying complexity of the lateral component, the 
anatomy of root canals also differs in terms of curvature, 
cross-sectional shape, diameter, apical configuration and 
the extent to which changes have been induced by physi- 
ological and pathological processes. 

Root canal curvature 

Most root canals are curved instead of straight. In addi- 
tion, curved root canals are relatively narrow when 
compared to their straight counterparts. Root canals typi- 
cally accelerate in curvature and exhibit their greatest 
anatomical complexity towards their apical terminus 
(Fig. 11.3). Root canal curvature can be described by level 
(coronal, middle or apical), angle and radius (29). Most 
curvatures are multiplanar and are thus expressed in 
both the mesiodistal and buccolingual (or buccopalatal) 
plane (Fig. 11.4). 
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Fig. 11.2 (a, b) Digital photographs of an extracted lower molar, (c, d) 
Digital radiographic images of the same tooth providing a limited perception 
of root canal anatomy, (e, f) Micro-CT images showing the system with its 
lateral components. 



The fact that root canals are curved and narrow in 
mature teeth makes it difficult to clean them of tissue 
and infectious elements as well as to shape. The risk of 
canal straightening and the creation of errors are related 
to the level and severity of the curvature. Abrupt apical 
curvatures and double curvatures (the S-shape) can be 




Fig. 1 1 .3 (a) Digital photograph of an upper premolar with a single root that 
is severely curved towards its terminus, (b, c) Micro-CT images showing the 
internal anatomy of the root, (d) A detailed view on the anatomical complexity 
of the apical part. 



especially difficult to negotiate and shape. In addition, 
canals that join or diverge always deviate from their 
initial path. It is important to realize that the resulting 
angle is often different for the canals involved (Fig. 11.5). 
Besides complicating the process of instrumentation, 
root canal curvature results in several other procedural 
challenges. For example, needle placement and irrigant 
exchange for the removal of debris are more difficult 
beyond the curve. Related to visual aids, inspection with 
the operating microscope is restricted to the straight part 
of the root canal (above the curve). The creation of 
straight-line access, the use of flexible endodontic instru- 
ments and proper file bending and use are essential 
measures to prepare curved canals (see further below). 

Cross-sectional shape and diameter 

Root canals are round, oval or irregular (ribbon-shaped) 
on cross-sectional view. Oval and irregular shapes are 
common in the coronal two-thirds of root canals, whereas 
the round variant is often restricted to the apical part 
(Fig. 11.6). Oval cross-sectional shapes are often found in 
the distal root canals of mandibular molar teeth and in 
mandibular premolar and incisor teeth. In an investiga- 
tion of 180 teeth representing all tooth types, Wu and 
co-workers (46) detected oval root canal shapes in 25% of 
the specimens investigated. When two or more canals 
are present in the same root, anastomoses and fins (lateral 
extensions) are frequently observed (Fig. 11.7). Some root 
canals may present with extreme cross-sectional shapes. 
This applies especially to the C-shaped canal (Fig. 11.8), 
which is more prevalent in certain ethnic groups (16). 
Oval and irregular cross-sectional shapes certainly do 
challenge root canal cleaning and shaping. Parts of the 
lateral anatomy are often out of reach because most end- 
odontic instruments are designed to stay centered. 

Root canal diameter is related to the concept of conicity 
or "taper". When looking at the root canal diameter at 
consecutive levels along the root, an idea of the overall 
conical shape is obtained. The exact value for diameter 
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Fig. 1 1 .4 Micro-CT data of a lower first molar, (a-c) Renderings of the outer surface of the roots, (d-f) Visualizations of the root canal system in relation to the 
outer root surface. Notice that most curvatures are multiplanar, thus expressed in both the mesiodistal and buccolingual plane. 




Fig. 1 1 .5 Micro-CT data of an upper premolar, (a, b) Renderings of the outer 
root surface with a mesial invagination, (c, d) Visualizations of the inner root 
anatomy. Notice that the root canals that join or diverge deviate from their 
initial path, while the resulting angle is different for the canals involved. 
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Fig. 11.6 (a, b) Visualizations of a lower premolar scanned with micro-CT. 
(c-e) Corresponding slices at different horizontal levels (indicated by the yel- 
low lines) reveal the ribbon (c), oval (d), and round (e) cross-sectional shape of 
the canal. 
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Fig. 1 1 .8 (a-d) Clinical case of a C-shaped canal configuration. (Courtesy of 
Dr J. Berghmans.) 
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Fig. 1 1 .7 Micro-CT data of a lower first molar, (a, b) Renderings of the outer 
surface of the roots, (c, d) Corresponding visualizations of the root canal 
system anatomy. Anastomoses and fins (lateral extensions) are present in both 
roots. 

and taper will, however, vary for each point along the 
central axis. Usually root canals are wide in the coronal 
part and relatively narrow apically. Immature teeth and 
roots that are liable to some type of resorption may 
appear different. Also, deposition of reparative dentin 
may alter root canal diameter generally or locally (i.e. at 
sites of prior pulpal irritation). 



Apical configuration 

In their apical one-third, root canals are often narrow 
and more or less curved. Their "portals of exit" can have 



the typical appearance of a foramen apicale (with or 
without accessory canals) (Fig. 11.9) or the sporadic 
appearance of an apical delta. Classical work carried out 
by Kuttler (21) demonstrated that, on average, the nar- 
rowest point of the canal (i.e. the apical constriction) is 
situated 0.48 mm (young group) and 0.60 mm (older 
group) from the root tip (radiographic apex). Yet there is 
great variation (9) (Key literature 11.1). The distance from 
the apical constriction to the foramen apicale is approxi- 
mately 0.5 mm in the younger group and 0.8 mm in the 
older group for all tooth types (9, 21). In elderly patients, 
large amounts of secondary cementum formation may 
have caused the foramen apicale to move coronally, at a 
distance of up to 3 mm from the root tip (21). Because of 
this complex anatomy, the apical one-third of the root 
canal is prone to procedural errors such as ledges, zips 
and perforations, making infection control and apical 
seal difficult. 



Key literature 11.1 



Dummer etal. (9) examined 270 extracted human teeth of unknown 
age for evaluation of apex to foramen and apex to constriction 
distances; in addition the topography of the apical portion of the 
root canal was studied under 20x magnification. The mean apex to 
foramen (A-F) distance was 0.38 mm and the mean apex to constric- 
tion (A-C) distance 0.89 mm. It must be stressed that a wide range of 
values was observed. Four distinct types of apical constriction were 
routinely found, whilst a proportion of canals were apparently 
blocked. The study confirms the view that it is impossible, with com- 
plete certainty, to establish the position of the apical canal constric- 
tion during root canal therapy. Results of the study indicate that a 
combination of methods might be more successful than reliance on 
one method. 



J 
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Fig. 1 1 .9 (a) Digital photograph of an upper lateral incisor of which the most apical part (indicated with a white frame) was scanned with micro-CT at very high 
resolution (pixel size of 1 .74jim x 1 .74jim). (b, c) Renderings of the outer root surface, (d, e) Visualizations of the complex apical anatomy, (f, g) 3D renderings 
with cut-out to reveal the apical constriction and foramen apicale. 



Physiologically and pathologically induced 
changes 

Throughout the life of a tooth with a vital pulp, oblitera- 
tion and narrowing of parts of the root canal system can 
occur owing to physiological aging and reparative pro- 
cesses. Low-grade irritation, such as slowly advancing 
dental caries, root surface exposure due to periodontal 
disease and acute or chronic trauma (e.g. accidents 
involving teeth, cavity and crown-related restorative 
procedures, traumatic occlusion and bruxism) may evoke 
such pulpal responses. In teeth with a loaded history 
(e.g. in elderly individuals) the deposition of reparative 
dentin can be particularly substantial. 

The mineralization process usually begins in the 
coronal part of the root canal system and proceeds 
apically. Thus, there may eventually be generalized 
accumulations of hard tissue on the wall of the root canal, 
narrowing the lumen to such an extent that the canal 
appears obliterated (Fig. 11.10). Mineralizations may also 
take the form of pulp stones that are free within the root 
canal system or attached to the root canal wall. In the 
pulp chamber of molars the hard tissue tends to form on 
the roof to shorten the chamber size in a vertical dimen- 
sion making it difficult to localize root canal orifices upon 
access preparation. Besides hampering exploration of 
root canals, canal negotiation is a real challenge in these 
cases and the creation of a ledge, and subsequent root 
perforation constitutes a distinct risk. 



Procedural steps 

Preassessment 

After clinical examination and diagnosis, preassessment 
of the case is imperative, including the construction of a 
mental image of the tooth to be treated. The preopera- 
tive radiographs are carefully examined and the external 
root surface is palpated or probed. Special attention is 
paid to: 

• a possible inclination of the tooth; 

• the cervical contour of the (residual) tooth crown; 

• the size of the pulp chamber; 

• the amount of obliteration and narrowing of the root 
canal system; 

• the integrity and course of the periodontal ligament; 

• the number of roots (and root canals); 

• length and diameter of the root(s); 

• the degree of root canal curvature (as far as possible). 



Field isolation 

Asepsis is a strict requirement for non-surgical endodontic 
treatment. Bacterial contamination of the operation field 
(the tooth crown and root canal system) is avoided by 
using rubber dam isolation and disinfection techniques, 
sterilized instruments and decontaminated materials 
(see Chapter 4). Every experienced clinician will confirm 
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Fig. 11.10 (a) Clinical case of an upper central incisor showing an apparently calcified root canal system, (b-f) Gradual exploration in apical direction towards 
the deeply situated canal lumen. (Courtesy of Dr J. Berghmans.) 



the view that the use of rubber dam facilitates rather 
than complicates endodontic treatment. Well-informed 
patients will accept the use of rubber dam and will 
appreciate the effort for quality and comfort. 

Access opening 

Proper access is the key to successful cleaning and shap- 
ing of root canals. While the entire roof of the pulp 
chamber often has to be removed, the outline of the 
access cavity is dictated by the number and position of 
the root canal orifice (s) (Fig. 11.11 and Table 11.1). 

Initial penetration into the pulp chamber should be 
undertaken using a bur in a water-cooled high-speed 
handpiece. Normally a safe direction to avoid misalign- 
ment and excessive damage to the crown is towards the 
widest root canal (e.g. palatal root in upper molars and 
distal root in lower molars). Once into the pulp chamber, 
overhanging margins must be removed. One may then 
shift preparation technique to a slow-speed handpiece 
without water coolant in order to enhance visualization. 
Useful burs in this phase of the access preparation are 
long-shanked round burs. In cases where localization of 
the pulp chamber appears challenging, rubber dam 
placement may be delayed until an opening has been 
found. The advantage of this measure is to get indica- 
tions on root inclinations and furcation grooves by prob- 
ing the external root surface. Root surface probing can be 
especially useful in cases of premolars with multiple 



canals in the buccal root, and in cases of preparation 
through a metal crown. 

Complete removal of the existing coronal restoration 
is advised in most cases because it: 

• allows better radiographic interpretation of the anat- 
omy of the coronal part of the root canal system; 

• allows complete inspection of the residual crown (e.g. 
for the detection of possible fractures); 

• solves marginal leakage; 

• detects hidden caries; 

• provides a better view of the pulp chamber in the 
presence of more refracted light; 

• prevents inconsistent readings when using electronic 
apex locators; 

• prevents metal filings from entering the canal. 

Once uncovered, the floor of the pulp chamber can be 
examined like a map in order to explore the root canal 
system anatomy. Care should be taken to avoid damag- 
ing the floor of the pulp chamber as the root canal orifices 
are to be sought along the groove system. A straight 
sharp-tipped explorer is handy here. In cases of gross 
depositions of mineralized tissue, exploration of the con- 
necting grooves can be done using ultrasonically pow- 
ered instruments (used at low power settings and with a 
light touch) or with long-shanked round burs in a slow- 
speed (800-1000 rpm) handpiece. Slight differences in 
color between the walls of the pulp chamber and the floor 
assist in finding the root canal entrances (Fig. 11.12). 
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Fig. 11.11 Images of the upper (top) and lower (bottom) dentition generated with micro-CT. The outline of the access cavity (i.e. the black area that was added 
to the image) is dictated by the position of the root canal orifice(s), while the entire roof of the pulp chamber has to be removed. 



Cavity walls are adjusted to reflect the operating light 
and to allow straight-line entry to the root canal(s). For 
example, in order to locate the MB2 (second canal in the 
mesiobuccal root) in maxillary molars, the access cavity 
should be created with a clear extension towards the 
mesial side (Fig. 11.13). All cavity walls are then smoothed 
and connected with the orifice(s) of the respective 
canal(s). The latter simplifies re-entry into the canal, 
especially when irrigants are present, without buckling 
the tip of small files. Of course, access cavity preparation 
should be performed after careful examination of the 
undistorted preoperative radiograph(s) and with respect 
for the integrity of the crown. 

Initial root canal preparation (coronal 
preparing) 

As a general rule, the removal of root dentin should be 
centered, i.e. with respect to the initial root canal anato- 
my. In the coronal one-third of a curved root canal, how- 
ever, this concept is intentionally ignored. Indeed, by 
carefully relocating the root canal orifice (using for 
instance Gates-Glidden burs), the degree of mid-root 
curvature is decreased without weakening the tooth 
(Fig. 11.14). The creation of a " straight-line access" is 



mandatory to avoid obstruction of the intracanal view, 
root canal straightening and instrument separation. 

Regarding the adopted technique for instrumentation, 
one makes a distinction between file movement and 
shaping approach. The latter is related to the instrument 
sequence and file insertion depth. In general, a coronal- 
to-apical approach is advised because: 

• coronal preflaring allows more control during subse- 
quent preparation of the middle and apical 
one-thirds; 

• the risk of canal blockage, ledge formation and instru- 
ment fracture is reduced; 

• working length determination is more precise after 
coronal preflaring. 

In the modified double flared approach, for instance, the 
coronal portion of the root canal is flared first (from 
orifice to curvature) (see Clinical procedure 11.1). In cases 
of curved and narrow canals, the root canal is gradually 
explored and flared first, and care is taken not to over- 
load any specific instrument as it may create a ledge. An 
error that is commonly made during this initial proce- 
dure is to overuse files, especially the smaller sizes. 
Instead of wasting one file after the other, sizes 06-10 
K-files should be used in combination with flexible 
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Table 1 1 .1 Root canals in teeth of maxilla and mandible. 



Maxilla 

Central incisor 
Lateral incisor 
Canine 
1st premolar 



2nd premolar 



1st molar 



2nd molar 



Mandible 



Central incisor 
Lateral incisor 



Canine 



1st premolar 



1st molar 



2nd molar 



1 canal 100% 
1 canal 100% 

1 canal 100% 

2 roots 57% 

Single root, 2 canals 16% 

Single root, 2 canals, 1 foramen 12% 

3 roots, 3 canals 6% 

1 canal 53% 

2 canals, 1 foramen 22% 
2 canals, 1 foramen 13% 

2 roots, 2 canals 11% 

3 roots, 3 canals 1% 



3 roots, 3 canals 38% 

4 canals 60% 
Mesiobuccal canal: 



2 canals 60% 
2 foramina 20% 
1 foramen 80% 



3 roots 60% 

1 mesiobuccal canal 70% 

2 mesiobuccal canals: 1 foramen 15% 

2 foramina 10% 
2 roots 25% 
1 root 10% 



1 canal 70% 

1 canal 55% 

2 canals, 2 foramina: 

2 canals, 1 foramen: 



central 5% 
lateral 15% 
central 25% 
lateral 30% 



1 canal 70% 

2 canals, 1 foramen 20% 
2 canals, 2 foramina 10% 

1 canal, 1 foramen 74% 
Branching canal: 1 foramen 4% 

2 foramina 25% 
2nd premolar 1 canal, 1 foramen 97% 
Branching canal: 1 foramen 12% 

2 foramina 3% 

2 mesial canals 60%, 1 foramen 40% 

1 distal canal 70% 

Distal canal: 2 canals, 1 foramen 35% 
2 canals, 2 foramina 10% 

2 mesial canals 40%, 1 foramen 35% 
1 canal 25% 

1 distal canal 92% 

2 canals, 1 foramen 5% 
2 canals, 2 foramina 3% 

Can have a C-shaped distal canal 



I ^^ y 






|a 1 
J 








w ^1 



Fig. 11.12 (a, b) Clinical case of an upper first molar, (c-f) Creation of access 
and exploration of three canal orifices within the mesio-buccal root, 
(g-j) Root canal preparation, filling and radiographic control. (Courtesy of 
Dr J. Berghmans.) 



K-files sizes 15-30 to cut more coronal shape in big 
increments (i.e. the " serial step-back negotiation"). The 
smaller-sized K-file, which was resisting further advance- 
ment, may then advance deeper into the root canal 
because the shank portions are released from binding. In 
all situations, the act of recapitulation represents a safe 
and effective strategy for root canal negotiation. 
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Fig. 11.13 (a) Access cavity in a maxillary molar with a clear extension 
towards the mesial side, (b-d) Root canal negotiation and preparation. 
(Courtesy of Dr J. Berghmans.) 




Fig. 11.14 Micro-CT data showing the mesial root canals of a lower molar 
(a) before (green) and (c) after (red) instrumentation with ProTaper. (b) Micro- 
CT generated contours layered on a digital photograph of the pulp chamber 
floor. Straight-line access is created by relocating the root canal orifices (i.e. 
from the green to the red contour line), (d, e) 3D renderings of the outer root 
surface and internal anatomy after registration of both datasets. (Preparation 
by Dr C. Ruddle.) 



Clinical procedure 11.1 



The modified double flared 
approach 



(1 ) Pre-assessment of the case. 

(2) Field isolation with rubber dam. 

(3) Creation of straight-line access. 

(4) Irrigation of the pulp chamber. 

(5) Localization of root canal orifices and penetration with a size 15 
flexible K-file (watch-winding) (if necessary start with smaller 
files). 

(6) Careful shaping of the straight coronal portion (preflaring) with 
the alternating use of flexible K-files sizes 15-40 (if necessary 
start with smaller files) and Gates-Glidden burs (sizes 2-4). To 
avoid ledge formation: 

use only light apical force; 

work at different depths; 

vary between different file sizes; 

recapitulate with a small instrument. 

(7) Reconfirm straight-line access (thus no strain on the file when 
placed coronally from the curve). 

(8) Keep using irrigants; do not work in dry conditions. 

(9) Working length (WL) determination: size 1 5 flexible K-file (if nec- 
essary start with smaller files) with balanced force motion to the 
apical constriction (use an electronic apex locator). 

Option A: ISO-sized hand files (2% taper) 

Apical preparation to size 30-35 (balanced force motion; irrigation 

and recapitulation). 

Traditional step-back (from apical to coronal; steps of 0.5 mm per 

increase in tip size). 

Removal of small steps with apical file size 30-35 (filing motion 

with small amplitude). 

Apical gauging (if necessary proceed with larger files). 

Final irrigation. 

Option B: GT hand files (6-12% taper) 

Work with flexible K-file size 20 to the WL (balanced force 

motion). 

Reconfirm patency and work with size 25 flexible K-file to the WL 

(balanced force motion). 

Select a GT hand file and work to the WL {reverse balanced force; 

recapitulation). 

Apical gauging (if necessary proceed with a GT hand file little 

beyond the constriction to achieve a preparation larger than tip 

size 20). 

Final irrigation. 



In Ni-Ti rotary instrumentation, stainless steel 10- 
20/. 02 K-files (hand-held, flexible) are used - first pre- 
curved, then straight - to scout (explore) a portion of the 
overall length of the canal and to create or confirm a 
smooth, reproducible glide path. Subsequently, Ni-Ti 
rotary files can be used in a crown-down sequence 
(coronal-to-apical) over this length (expanded upon 
further below). 



Root canal instrumentation 179 



Methods to establish working length 

Determination of the apical limit for preparation of root 
canals (working length) is a most critical procedural step; 
canals should be instrumented neither too short nor too 
long. Instrumentation short of the canal exit risks leaving 
inflamed tissue and infectious elements in the root canal 
space, while instrumentation beyond the apical foramen 
may force infectious debris into the periapical tissue 
compartment and cause an endodontic flare-up 
(Chapter 7). Overpreparation may also pave the way for 
overfilling with lingering foreign body reaction and 
incomplete regeneration of the supporting tissues as a 
result (31). Generally, it is believed that the apical termi- 
nation of the intervention should be at the apical con- 
striction because this location indicates the junction 
between the periodontal and pulpal tissues (9). The 
working length may be determined in a number of ways 
but, whatever method is used, it must be accurate, 
repeatable and carried out easily. 

Measuring working length by radiography 

Undistorted periapical radiographs taken with a film- 
holder and the paralleling technique prior to treatment 
allow only for an approximate estimation of the length of 
canal preparation to be taken. For more exact measure- 
ments a precurved instrument with a silicone stop on the 
shaft is placed into the root canal short of the inspected 
length. If coronal preflaring of the root canal has been 
done prior to working length measurement then tactile 
sensation can be used to feel for the apical constriction. 
However, there will be no proper tactile feedback if the 
apical constriction has been destroyed (e.g. root resorp- 
tion), if there is immature development of the root end, 
or if the root canal is narrow along most of its length. The 
root canal under exploration needs to be widened to a 
size 10-15 for the instrument tip to be seen clearly on the 
working length radiograph. 

If the radiographic image shows the tip of the instru- 
ment to be more than 2 mm short of the radiographic 
apex, then the silicone stop should be readjusted and 
another film exposed. If the instrument tip exits the 
radiographic root contour, then the silicone stop should 
be adjusted accordingly and a further radiograph taken. 
The working length is recorded in the patient's progress 
notes together with the coronal reference point from 
which the measurement was taken. Cusp tips are not 
very useful for this exercise and judicious flattening will 
help to provide a more positive landmark. 

The radiographic method is far from accurate when: 

• the root canal exit deviates in the buccolingual (or 
buccopalatal) plane; 

• the position of the apical constriction is far from the 
radiographic apex; 



• oblique external root resorption affects the tip of the 
root; 

• the radiographic apex is indiscernible owing to over- 
projection of (anatomical) structures. 

For these reasons electronic apex locators (EALs) are 
used to supplement the radiographic method. 

Measuring working length by electronic apex 
locators 

Suzuki (40) discovered in dog experiments in 1942 that 
the electrical resistance between the periodontal ligament 
and the oral mucosa was a consistent value of 6.5 kQ. The 
same observation was made in humans by Sunada (39) 
in 1962, thus leading to the introduction of the resistance- 
type apex locators. Unfortunately these early devices 
often yielded inaccurate results when electrolytes, exces- 
sive moisture, vital pulp tissue, exudates or excessive 
bleeding were present in the root canal (43). With the 
introduction of the impedance-type EALs in the late 1980s 
and especially the frequency -dependent EALs in the early 
1990s, a more accurate canal length measurement was 
obtained in these various canal conditions (13). 

Frequency-dependent EALs use more advanced tech- 
nology and measure the impedance difference between 
two frequencies or the ratio of two (or more) electrical 
impedances. Using EALs, one side of the electrical circuit 
is connected to the root canal instrument and the other 
electrode to a lip clip that connects with the oral mucosa 
(Fig. 11.15). As the instrument moves towards the apex, 
the impedance difference (or ratio) becomes greater and 
shows the greatest value at the apical constriction, allow- 
ing for a measurement at this location. Some devices 
need to be calibrated when the instrument is inserted 
into the coronal portion of the canal. The accuracy of 
contemporary EALs is very high (approximately 90%) 
with a tolerance level of 0.5 mm (13). For that reason, 
EALs are currently used as an important adjunct to radi- 
ography to determine working length. 

It should be realized that when the canal lumen of a 
curved canal is gradually enlarged, the instrument that is 
used to measure working length will follow a straighter 
course than initially. As a result the working length 
(i.e. the distance between the reference point and the 
intended apical level of instrumentation) will change 
throughout the canal preparation. By determining work- 
ing length after coronal preflaring, one will minimize the 
risk for overinstrumentation. In addition, an EAL can 
be connected to each file of the series to continuously 
monitor file insertion relative to the working length. 

Paper point evaluation 

A paper point placed into a dried canal and extended 
beyond the working length will absorb tissue fluid at the 
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Fig. 11.15 Electronic apex locator. 

apex and, if withdrawn immediately, will allow measure- 
ment of the dry portion of the point, thereby providing 
some indication of the working length. 

Final canal preparation 

As outlined in Chapters 4 and 9 a primary objective of 
root canal instrumentation is to physically remove pulpal 
tissue and infectious elements. An important objective is 
also to prepare root canals in such a way that optimal 
disinfection can be carried out and a final filling be prop- 
erly placed. The instrumentation process therefore aims 
to attain a tapered canal. There is no firm guidance, based 
on biological evidence, on the amount of taper that is 
needed for an optimal root canal preparation. It should 
be noted that sufficient shape for cone fit with gutta- 
percha does not necessarily imply that enough prepara- 
tion has been done for effective cleaning and disinfection. 
There is always a delicate balance between the need to 
remove sufficient amounts of hard tissue and the threat 
of fracture from weakening the tooth structure. It should 
also be noted that shaping teeth in a pulpectomy proce- 
dure should not be kept more restricted than that for 
teeth with non-vital, infected pulps; soft-tissue elimina- 
tion and filling in such cases is as demanding. 



The amount of preparation to be carried out in the 
apical one-third of root canals is the subj ect of controversy. 
Some people believe that it is unnecessary to widen the 
apical preparation because coronal preflaring and apical 
patency confirmation will allow the irrigant to reach and 
clean the apical part of the root canal. Most clinical 
experts, however, advocate rather large (size 35 or 
higher) but centered preparations in order to remove 
infected dentin in the apical few millimeters of the root 
canal (18-20). Certainly the widening of the apical part of 
the root canal to a reasonable size and taper after prepa- 
ration of the coronal and middle sections allows easier 
placement of the needle for irrigation (47) and also of the 
gutta-percha cone for obturation. 

Various techniques may be applied. In the modified 
double flared approach the second flare is obtained with 
a step-back sequence. This step-back means the smallest 
instrument is used to the working length first, and then 
instruments with increasing tip diameters are used more 
coronally in fixed increments (see Clinical procedure 
11.1, Option A). Instead of this step-back sequence with 
2% tapered instruments, GT hand files can be selected 
for a crown-down sequence to flare the apical portion 
more easily (see Clinical procedure 11.1, Option B). 

In Ni-Ti rotary instrumentations, stainless steel 
10-20/.02 K-files (hand-held, flexible) are first used to cre- 
ate a glide path to the working length to minimize the 
stress on the subsequent Ni-Ti rotary files. These files 
can then be used safely in a crown-down sequence (see 
further below). 

For the final file selection, apical gauging is advised 
since the initial diameter of the apical constriction varies 
for different canals. This procedural step means the 
insertion of an instrument to the working length after 
coronal and apical flaring (to avoid interference of the 
upper part). The gauging file is then fitted to the apical 
constriction (without rotation) to note any resistance. If 
so, the diameter for the final preparation is thought to 
have been defined. In most cases, one selects a few sizes 
larger because the cross-sectional shape of the root canal 
can be oval with the smallest diameter measured. 

Endodontic instruments 

Traditional systems 

For decades, instrumentation of root canals was solely 
performed using stainless steel (and nickel-titanium) 
hand files in various forms. All these files have cutting 
flutes 16 mm long and for each millimeter of shaft the 
diameter increases by 0.02 mm (2% taper), so the final 
cutting part of the instrument (known as D16) is 0.32 mm 
wider than the first part of the tip (known as Dl) 
(Fig. 11.16). Hand files series are color-coded and increase 
in diameter in set increments, the smallest diameter 
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Fig. 11.16 Drawing showing a hand file (ISO- 
sized; 2% taper) with the distances D1 and D16 
marked. 



being 0.06 mm (at Dl) and increasing to 1.40 mm. The 
length of the shaft of the instrument from the tip to the 
handle may be 21 mm, 25 mm (regular) or 31 mm. 

One differentiates between reamers and files based on 
the production process of hand files, and thus on longi- 
tudinal and cross-sectional shape. The essential differ- 
ence between these instruments is that reamers are used 
in rotation while files can also be used in a push-pull 
(filing) motion. 

Reamers made from stainless steel may be square or 
triangular in cross-section. A tapered wire is twisted to 
create sharp cutting flutes that are present every 0.5- 
1.0 mm along the working part of the instrument 
(Fig. 11.17). When these instruments are used in rotation, 
the flutes cut into the dentin and remove it from the 
canal walls. The use of hand, stainless steel ISO-sized 
reamers has declined in popularity because of their lack 
of flexibility (especially in larger sizes), their inability to 
prepare canals with anything other than a round cross- 
section, and their lack of cutting efficiency when com- 
pared with other instruments. 

Files come in a number of configurations within the 
standard of a 2% taper. There are three main types: 
K-files, flexible K-files and Hedstrom files. K-files are 
manufactured in a similar manner to reamers except that 
the cutting spirals produced by twisting are much tighter 
(Fig. 11.17). The cross-section can be triangular or square 




Fig. 11.17 Various stainless steel hand files (size 40). 



in shape. Flexible K-files are essentially similar to K-files 
except that the cross-sectional design is such that the 
instrument is able to flex more than the conventional 
K-file (Fig. 11.17). They may be made from stainless steel 
alloys or nickel-titanium. Hedstrom files are manufac- 
tured by grinding a tapered blank that has a round cross- 
section (Fig. 11.17). Machining produces a spirally 
tapered series of cones with cutting edges at the base of 
each cone. The instrument is designed for a filing motion 
and cuts only when being withdrawn from the root 
canal. If used in rotation it may break relatively easily 
because of the small core diameter. The use of Hedstrom 
files is mainly for flaring root canals, especially oval- 
shaped canals. They can also be used for removal of 
fractured instruments and gutta-percha in retreatment 
cases. Hedstrom files in larger sizes are more rigid and 
may cause ledges or strip perforations within curved 
root canals and should therefore be used with great 
caution (1). 

Gates-Glidden burs are, in effect, engine-driven 
reamers. These burs come in various sizes from ISO 050 
(size 1) to ISO 150 (size 6) and are available in 15 mm and 
19 mm lengths (Fig. 11.18). The tip of the instrument is 
elliptically shaped with short cutting flutes and a non- 
cutting tip. The instruments are designed so that if 
stressed they will fracture at the junction of the shank 
and the shaft. Gates-Glidden burs are used to relocate 
the root canal orifice and to flare the coronal straight 
portion of the root canal. Because they are relatively 
aggressive, care must be taken to avoid overuse coronally 
as this may weaken the tooth structure and lead to strip 
perforation. These instruments should be used at 800 rpm 
to ensure adequate control. Gates-Glidden burs gener- 
ate considerable debris and preferably should be used 
when the pulp chamber and root canal(s) are filled with 
an irrigant in order to avoid canal blockage. 

Nickel-titanium rotary systems 

Nickel-titanium: a super-elastic alloy 

The super-elasticity of Ni-Ti is based on stress-induced 
martensitic transformation (see Advanced concept 11.1). 
The application of outer stress causes martensite to form 
at temperatures higher than the transition temperature 
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Fig. 11.18 (a) Gates-Glidden burs sizes 1 to 6. (b) A detailed view of the tip 
design. 



Advanced concept 11.1 



Nickel-titanium "shape memory metal alloy" can exist in two differ- 
ent temperature-dependent crystal structures called martensite 
(lower temperature or daughter phase) and austenite (higher tem- 
perature or parent phase). The crystal lattice structure can be altered 
by either temperature or stress (Fig. 1 1 .22). This is important because 
several properties of both forms are notably different. From the prac- 
tical point of view, Ni-Ti can have three different forms: martensite, 
stress-induced martensite (super-elastic) and austenite. When the 
material is in its martensite form, it is soft and ductile, and it can be 
easily deformed. Super-elastic Ni-Ti is highly elastic (rubber-like) 
while austenitic Ni-Ti is quite strong and hard. 






(i.e. the martensitic start temperature). When the outer 
stress is released, the martensite transforms back into 
austenite and the specimen returns back to its original 
shape. As a result, super-elastic Ni-Ti can be strained 
several times more than ordinary metal alloys without 
being plastically deformed, and with relatively light force 
(low elastic modulus). 



File design: the concept of greater taper 

Because the super-elasticity of nickel-titanium diminish- 
es the connection between instrument diameter and 
stiffness, the use of rotary files with a two- to six-fold 
taper (and large diameter) has become possible. These 
Ni-Ti rotary files are mainly manufactured for use in a 
torque-controlled handpiece at constant speed (rpm). 

Besides variation in taper, the existing Ni-Ti rotary 
files have various designs for instrument shaft (including 
blades and grooves). The shaft design is adapted to be 
used in continuous rotation. Most systems flatten, modify 
or shorten the cutting edges and vary the depth of the 
groove, helical angle, pitch or taper to prevent the instru- 
ment from screwing and binding in the canal wall. The 
original ProFile instruments were some of the first Ni-Ti 
rotary instruments on the market (Fig. 11.19). Their cross- 
sectional shape is made by machining three equally 
spaced U-shaped grooves around the shaft of a tapered 
Ni-Ti wire. For this "classical" design, a space remains 
without being ground between each groove, providing a 
"radial land area". Without a blade projecting outwards 
from the middle of the shaft, this flat area prevents the 
file from locking in the dentin, while cutting occurs 
through a planing (acting passively) action. By contrast, 
some of the latest systems show sharp cutting edges (act- 
ing actively) resulting from a triangular cross-sectional 
design. Such an instrument, the so-called ProTaper, also 
combines multiple progressive tapers within the same 
shaft (Fig. 11.19). 

The existing rake angle can be verified in accordance 
with shaft design. The rake angle can be seen as the 
angle between the leading edge of a cutting tool and a 
perpendicular to the surface being cut. A rake angle can 
be negative, neutral or positive (Fig. 11.20). In general, 
conventional endodontic instruments have a slightly 
negative rake angle and most Ni-Ti rotary files have a 
slightly negative or neutral rake angle. 




Fig. 11.19 Design of two nickel-titanium rotary files (lengthwise and cross-sectional view). 
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Fig. 11.20 Rake angles. 



Regarding the instrument tip, one could summarize 
that most contemporary files, both hand-held and engine- 
driven, have an acceptable non-aggressive tip design 
and there should be little concern over tip geometry in 
the selection of files (ISO/ANSI guidelines). Most Ni-Ti 
rotary files have rounded non-cutting tips that serve as a 
guide within the canal. Unlike the tip, the instrument 
shaft retains its cutting action; only the transition angle 
at Dl is modified. Concerning size of the tip, most manu- 
facturers of Ni-Ti rotary instruments make use of real 
increments (in 50 urn), equal to the standard guidelines 
used for the production of stainless steel hand files. 

The file design of the Lightspeed system deserves 
attention. These instruments are modified so that a short 
cutting zone remains apically, the so-called apical action 
design (45) (Fig. 11.21). The files are used for apical prep- 
aration and do not cut over most of the canal length 
because of the existence of a smooth small-diameter shaft 
that also enhances instrument's flexibility. Apical action 
designed instruments prepare the apical portion with 
less transportation and less dentin removal than other 
instruments (12). Nevertheless, as with other Ni-Ti 
instruments there are risks for instrument fracture and 
special training is needed (23). 
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Cutting efficiency of Ni-Ti 
rotary files 



Fig. 1 1 .21 Lightspeed file design. 



Ni-Ti rotary files are as effective as or better than stainless steel hand 
files in machining dentin owing to the continuous reaming motion 
(42). The rake angle of the cutting blades plays a central role in deter- 
mining the cutting efficiency. Nearly all of the latest Ni-Ti rotary files 
have a neutral or slightly negative rake angle for maximum 
effectiveness. 

Alloy hardness is far less than that for stainless steel hand files (8) 
(Vickers hardness number ca. 300-350). Nevertheless, the surface of 
Ni-Ti instruments is not homogeneous and Serene and co-workers 
(35) found that the cutting edges were softer than the core of the 
instruments. 

As with stainless steel files, Ni-Ti files wear significantly upon use 
on dentin (49). Sterilization also has a negative effect. Repeated 
cycles under autoclave decrease the performance of Ni-Ti files by 
altering their structure underneath the surface (30). On the other 
hand, the presence of sodium hypochlorite around the instrument 
shaft for less than 30-60 min did not cause any corrosion or differ- 
ence in cutting efficiency (14). 

Cutting efficiency also depends on the shape of the grooves. A 
deep groove allows more debris transportation during action of the 
file. In this way, cutting efficiency is related to cleaning effectiveness. 
The removal of cut dentin chips is therefore important to reduce clog- 
ging of the cutting blades and eventually the root canal itself. During 
the continuous reaming motion, macroscopic debris is taken out by 
the rotating grooves while existing radial land areas push microscopic 
debris deep into dentinal tubules. In this context, most studies indi- 
cate that Ni-Ti rotary systems are as good as or better than stainless 
steel hand instrumentation in removing superficial debris (2). 
However, Ni-Ti rotary files seem to produce a thicker smear layer, 
particularly in the apical one-third (28). 



Instrumentation techniques 

Hand instrumentation 

The modified double flared approach 

As a result of the 2% taper standardization for hand files, 
a final shaping objective with greater (4% or higher) 
taper can only be achieved using a series of files with 
different tip diameter at various levels in the root canal 
(see Clinical procedure 11.1, Option A). Besides the shap- 
ing approach, how the selected instruments are moved is 
also critical to the result. Well-known file movements 
include the filing (or push-pull) motion and the reaming 
motion (rotation). 



File manipulation: the filing and reaming motions 

The filing motion is especially suitable to the Hedstrom 
file. It removes dentin from the root canal wall when 
the instrument is inserted to a given length and then 
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pressed against the canal walls at the same time as it is 
drawn coronally. This action is performed and resumed 
with certain amplitude. There are difficulties with this 
method, including the tendency to grooving into the 
dentinal canal wall, without a conscious effort being 
made to move the file circumferentially, and packing of 
debris ahead of the instrument tip, which may block the 
root canal. The push-pull motion is also possible with K- 
files but should be restricted to size 15 (or less) as rasping 
with larger instruments may cause iatrogenic damage. 

The reaming motion denotes a clockwise or counter- 
clockwise rotation of the instrument in the root canal. It 
is the preferred method for reamers and (flexible) 
K-files. 

Watch-winding is a clockwise/counter-clockwise rota- 
tion of the instrument through an arc of 30-90° while 
advancing the instrument into the canal. The reciprocat- 
ing back and forth rotational movement alternately pulls 
the instrument into the canal (clockwise), and then 
(counter-clockwise) cuts the engaged dentin. At a certain 
point watch-winding will not advance the instrument 
further into the canal. In many cases, three to five push- 
pull filing strokes will loosen the shaft and allow watch- 
winding to advance the instrument further apically. The 
watch-winding method is less aggressive than the origi- 
nal " quarter turn-puir and should be used with light 
apical pressure. With precurved stainless steel instru- 
ments this technique is extremely useful for initial nego- 
tiation of root canals, especially those that are severely 
curved or narrow (see Core concept 11.1). 

The balanced force motion was devised by Roane and co- 
workers (32) and endorsed by Charles and Charles (7) on 
the basis of a mathematical model. This technique is 
essentially a reaming action using clockwise movement 
to insert the file and counter-clockwise movement to 
remove dentin. The file is placed into the root canal until 
it binds against the wall. The file is then rotated through 
60-90° with light apical pressure. This creates threads 
within the dentin. The instrument is moved counter- 
clockwise through 120-360° with mild apical pressure, 
which crushes and breaks off the dentin threads and 
enlarges the root canal. A final clockwise rotation allows 
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The trick of prebending is compatible with the filing motion and the 
watch-winding motion. Prebending of relatively small files is required 
in cases of abrupt root canal curvature or branching, or to bypass 
ledges. Files that are bent to negotiate severely curved canals must 
be smoothly curved to the last flute. The prebending of larger instru- 
ments, however, is discouraged because it may cause canal straight- 
ening. If precurved, more rigid files are used in full rotation, an 
"hour-glass shape" will occur (i.e. small preparation at the curve; 
large above and beyond). 



flutes to be loaded with debris and removed from the 
root canal. This technique has been shown to be efficient 
and less prone to cause iatrogenic damage (36). The 
technique must be used with flexible K-files that are not 
precurved. A technique of reverse balanced force instru- 
mentation has been developed for use with GT hand 
files where the flutes of the shaft are machined in an 
opposite thread to normal files (see Clinical procedure 
11.1, Option B). 



Nickel-titanium rotary instrumentation 

The crown-down sequence 

In general, Ni-Ti rotary systems advocate preflaring of 
the coronal portion of the root canal and relocation of the 
canal orifices with Gates-Glidden burs prior to deeper 
instrumentation (22). Preflaring can also be carried out 
with Ni-Ti rotary files such as orifice openers or accessory 
files from the system. These instruments for initial shap- 
ing tend to produce centered preparations, however; 
anti-curvature relocation of the canal orifice is more dif- 
ficult to obtain. Some of the newest systems (e.g. 
ProTaper) seem to behave differently. Their active cut- 
ting design, lacking radial land areas, removes dentin 
more selectively and allows coronal relocation (Fig. 11.14). 
Meticulous manipulation of this file is, however, 
essential to get the particular effect and to avoid strip 
perforations (33). 

After coronal preflaring, Ni-Ti rotary files are used in 
a crown-down sequence (coronal to apical) up to 
3-4 mm from the working length as estimated on well- 
angulated radiographs (NB: do not forget to create and 
confirm glide path first). A first concept therefore adopts 
the use of a constant taper (typically .06) while reducing 
tip size throughout the sequence, whereas the variably 
tapered file concept changes this taper in the sequence of 
canal instrumentation with or without changing tip size 
(see Clinical procedure 11.2). The latter maximizes cut- 
ting efficiency by increasing the force per unit area of the 
file against the canal wall, whereas the former runs the 
risk of a taper-lock (see Core concept 11.2). Proceeding 
further on this idea, the ProTaper was introduced, a Ni-Ti 
file design that combines multiple progressive tapers 
within the same shaft (Fig. 11.19). 

Once the working length determination is complete 
and a glide path established, the delicate preparation of 
the apical portion is continued with Ni-Ti rotary files at 
the working length. Some systems promote the use of 
tapers up to 8% or 10%, while confining tip size (e.g. size 
20 for small canals). Most concepts, however, begin with 
4% tapered files, while gradually increasing tip size up to 
the final apical preparation diameter. Next, the body of 
the preparation is finished with 6% tapered files at the 
working length. 
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Clinical procedure 11.2 



Variable tip variable taper 
sequence 



V. 



(Orifice openers) 

Ni-Ti rotary file 40/.04 

Ni-Ti rotary file 35/.06 

Ni-Ti rotary file 30/.04 

Ni-Ti rotary file 25/.06 and 20/.04 

In the majority of cases, the 25/.06 or the 20/.04 will reach the 

desired working length. If not, the sequence is repeated from the 

beginning. 






_ 
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The location of debris in the flutes provides some information on the 
part of the shaft that has been engaged. If the instrument is cutting 
along most of its total length, another file should immediately be 
selected to prevent taper lock and file fracture. 



In general, all Ni-Ti rotary systems follow a compara- 
ble approach (see Clinical procedure 11.3). As important 
differences do exist it is advisable to follow the specific 
instructions given by the manufacturer. The Lightspeed 
system, however, needs further consideration. As men- 
tioned before, this system incorporates a smooth flexible 
shaft with a short cutting head. As a result of the no-taper 
design, flare can be achieved only using a step-back 
sequence with numerous instrument sizes or another file 
with increased taper to refine the root canal walls before 
obturation (41). 

Continuous reaming motion 

The advantageous qualities of the Ni-Ti alloy are maxi- 
mally exploited if the instruments are continuously 
rotating over 360°. As mentioned before, Ni-Ti rotary 
files exist in an austenitic phase that transforms to a mar- 
tensitic structure on stressing at a constant temperature. 
In this stress-induced martensitic phase only a light force 
is required for bending (Fig. 11.22). Limited and constant 
stress is needed for optimal performance. This is accom- 
plished by using constant speed (rpm) and light apical 
pressure. In this way, the Ni-Ti rotary file will operate in 
the horizontal part of the stress/strain curve, showing 
little restoring forces and no plastic deformation. Ni-Ti 
rotary systems have a speed range (rpm) and torque lim- 
its (N/cm 2 ) for optimal performance that are specified by 
the manufacturer for each file separately. Above the 
allowed torque, plastic deformation and instrument 
fracture may occur. If the torque-limit value is set too 
low, the file will stop cutting even when safe. Increased 
speed (higher rpm) seems to increase shaft stiffness (27). 
For that reason, a lower rpm may be required to instru- 
ment small curved canals. 



Clinical procedure 11.3 



Treatment sequence for 
most Ni-Ti rotary systems 



^ 



(D 

(2) 
(3) 
(4) 
(5) 



(6) 



(7) 

(8) 

(9) 
(10) 



i 



(11) 
(12) 
(13) 
(14) 



Preassessment of the case. 

Field isolation with rubber dam. 

Creation of straight-line access. 

Irrigation of the pulp chamber (2.5-5% NaOCI). 

Localization of root canal orifices and penetration with flexible 

K-files size 15-20 (watch-winding) (if necessary start with 

smaller files). 

Careful shaping of the straight coronal portion (preflaring) with 

the alternating use of hand files, Gates-Glidden burs and Ni-Ti 

rotary files (if preferred). To avoid ledge formation: 

- use only light apical force; 

- work at different depths; 

- vary between different file sizes; 

- recapitulate with a small instrument. 

Reconfirm straight-line access (thus no strain on the file when 
placed coronally from the curve). 

Crown-down clearance up to 3-4 mm from the estimated work- 
ing length (create and confirm glide path first). 
Keep using irrigants; do not work in dry conditions. 
Working length determination: size 15 flexible K-file (if neces- 
sary start with smaller files) with balanced force motion to the 
apical constriction (use an electronic apex locator). 
Create and confirm glide path (flexible K-file size 15-20). 
Apical preparation to size 30-35 (6% taper). 
Apical gauging (if necessary proceed with larger files). 
Final irrigation. 



The use of automated handpiece systems for root 
canal preparation has accelerated since the introduction 
of Ni-Ti rotary files. In the past, some stainless steel files 
were used in engine-driven (reciprocal) rotation, but 
the incidence of canal aberrations is high (6). Although 
variations exist, Ni-Ti rotary files are generally used in a 
high-quality air reduction handpiece (with or without 
torque control) or, better (as the flow of air can hardly 
be controlled and the reported wear for air reduction 
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Fig. 1 1 .22 Tensile strength curve of nickel-titanium. 
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handpieces is high), an electric motor whereby a feed- 
back circuitry compensates for torque to maintain a con- 
stant speed, and a suitable speed-reducing handpiece 
with a small head. The settings of the manufacturer are 
preprogrammed, and can be regularly updated or 
changed. The use of all-in-one systems (i.e. an electric 
motor with an integrated apex locator) should be dis- 
couraged because such devices operate on batteries and 
do not allow coupling with hand files. 

In addition to the continuous reaming motion, the 
operator should follow the specific method of use (e.g. 
brushing motion, // pecking ,/ movement, smooth steady 
pressure, etc.) and observe the recommended sequenc- 
ing of files. All file types must be used with a light touch 
and minimal apical pressure. In addition, one must not 
rotate the file for too long in the canal and during this 
period of time, the instrument must not stop rotating. 
The use of an irrigating solution while cleaning and 
shaping the root canal system is an accepted practice. 
Irrigation plays an important role in lubricating the canal 
and in facilitating chip and debris removal. Some irrig- 
ants also serve the very important purpose of root canal 
disinfection. 



Limitations of root canal instrumentation 

Nickel-titanium rotary versus stainless steel 
hand files 

The use of nickel-titanium under continuous rotation 
enables innovative design features, and it may eliminate 
some traditional difficulties that are associated with 
conventional root canal instrumentation (12). Certainly, 
Ni-Ti rotary instruments, if used properly, can achieve a 
final root canal preparation that conforms to the general 
shape and direction of the original canal (Fig. 11.12g-j). 
Because of the reduced restoring forces developed by 
Ni-Ti rotary instruments, it has been reported that more 
centered root canal preparations are created than with 
hand instrumentation (12, 26). The magnitude of trans- 
portation caused by Ni-Ti rotary files is small with a simi- 
lar direction at the end-point of the preparation to that 
found with stainless steel hand files (i.e. the outer aspect 
of the curve). At the mid-curvature level, transportation 
has been reported towards the inner and outer aspect. In 
general, root canals with more severe curvature are 
wider after instrumentation with the main difference 
being a greater amount of dentin removal at the outer 
(convex) aspect of the curve. The differences between 
Ni-Ti rotary and stainless steel hand preparation are 
more pronounced if the apical preparation diameter is 
larger than size 30 (10, 36). There are only small discrep- 
ancies among the various Ni-Ti rotary systems at 
different horizontal levels. 



Using stainless steel hand files in narrow and curved 
canals, a size 30 preparation reflects what most clinicians 
regard as an instrumentation end-point. Using Ni-Ti 
rotary instruments, the more desired size 40 preparation 
has become common, since the super-elasticity of Ni-Ti 
diminishes the connection between instrument diameter 
and stiffness. The instrumentation of the apical matrix to 
a larger size incorporates more anatomical irregularities 
and provides more irrigant exchange in the apical one- 
third (47). 

Ni-Ti rotary instrumentation is faster (shorter prepa- 
ration times) than stainless steel hand instrumentation 
and operator's fatigue is reduced (12, 36). Differences 
between various Ni-Ti rotary systems are more likely the 
result of variations in preparation technique than any 
differences between instrument performances. Greater 
taper systems that are used by moving up and down the 
numerical sequence in a crown-down manner to flare 
the canal until the smaller files reach working length 
have the widest percentage variation in time. The anato- 
my of some root canals requires moving up and down 
the sequence several times while in other canals working 
length is reached very quickly (17). In addition, the 
frequency of irrigation also influences preparation time. 
Occasionally, Ni-Ti rotary systems speed up the treat- 
ment considerably, so that the effective time for the 
irrigant is strongly reduced. If unnoticed, this fact may 
undermine the extent of chemical cleaning and disinfec- 
tion. Regarding the direct efficacy in removal of bacteria 
it is important to notice that no difference was found 
between hand and rotary instruments (37). 

With the launch of Ni-Ti rotary systems, too much 
credit was given to these systems as being a solution for 
root canal preparation on their own. Since then, a com- 
bined approach of Ni-Ti and stainless steel preparation 
has been advocated. The combined approach is especially 
needed in difficult cases and in most retreatment cases. 
In this way only, procedural errors can be avoided and 
the aberrations that are present can be corrected. More 
than ever, mental awareness is needed. Much of the 
result will depend on the clinician's experience (the 
"feel"), visualization facilities (radiography as well as 
direct, magnified and illuminated vision), and sound 
concepts, rather than on ready-for-use recipes. Indeed, 
the "one magical sequence" does not seem to exist. Those 
who have gained some experience in the use of Ni-Ti 
rotary files will confirm that each file system has its own 
special advantages and disadvantages, and that particu- 
lar rules for its usage need to be followed. Eventually, 
instruments of different file systems can be combined 
using different instrumentation sequences to manage 
individual clinical situations according to a hybrid 
concept. 

Besides its biocompatibility and excellent corrosion 
resistance, Ni-Ti is, however, an expensive alloy that is 
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difficult to manufacture and mill. Machining the original 
Ni-Ti wire should be conducted with carbide burs or 
silicone carbide wheels under active highly chlorinated 
cutting oil involving light feeds and slow speeds. The 
surface of early Ni-Ti files was rough with grooves and 
irregularities, which could lead to accelerated wear, 
fatigue and breakage. Nowadays, most manufacturers 
have overcome this problem, and they perform metal 
treatment such as cryogenics or electropolishing. Given 
the high price per instrument, the incorporation of Ni-Ti 
as used in modern endodontics has increased the proce- 
dure costs dramatically. Therefore, patients should be 
informed and the highest possible level of care should be 
provided. 

Limited reach versus unwanted dentin 
removal 

Root canals following Ni-Ti rotary instrumentation for 
the most part show an oval or round preparation with 
most of the contours prepared. Nevertheless, specimens 
can present with unprepared areas in all thirds of their 
root canal system when a round preparation is produced 
in the center or at one side, leaving the remaining root 
canal walls uninstrumented (24). Especially flexible and 
passively cutting Ni-Ti rotary systems have deficiencies 
in the preparation of oval root canals because their super- 
elasticity and planing action do not allow controlled 
preparation of the buccal and lingual extensions. For 
these systems, canal preparation characteristics may be 
dictated more by anatomy (i.e. cross-sectional shape and 
curvature) than by the difference in instrumentation 
method (4, 24). 

For the ProTaper system, which is more actively 
cutting, a special instrument motion called brushing has 
been recommended to deal with oval canals and to relo- 
cate the root canal orifice (33). In the middle and apical 
one-thirds of the root canal, the use of this triangular 
design does not seem to negatively affect centering abili- 
ties (3, 25) (Fig. 11.14d, e). However, care should be taken 
not to instrument the apical foramen with more actively 
cutting blades to avoid zipping. Furthermore, the finish- 
ing files of the ProTaper system should not be used with 
an extended pecking movement to avoid root canal 
transportation (33). 

Risk of instrument fracture 

Instruments may fracture as a result of misuse or over- 
use. Before and during treatment, files should be checked 
carefully to ensure that the cutting flutes are not dam- 
aged (Fig. 11.23). Regarding Ni-Ti rotary instruments, 
fracture can occur without any visible signs of previous 
permanent deformation, apparently within the elastic 
limit of the instrument (49). Visible inspection of the file, 




Fig. 11.23 (a, c) Hand and rotary files showing unwinding of the flutes, 
(b, d) A detailed view on the area with deformation. 



therefore, is not always a reliable method for evaluating 
used Ni-Ti instruments. 

Theoretically, the phenomenon of repeated cyclic 
(metal) fatigue may be the most important factor in sepa- 
ration of Ni-Ti rotary files (29). When instruments are 
placed in curved canals, they deform and stress occurs 
within the instrument. The half of the instrument shaft 
on the outside of the curve is in tension and the half on 
the inside is in compression. Consequently, each rotation 
causes the file to undergo one complete tension- 
compression cycle. Obviously, stress levels are the great- 
est in the area of curvature. A more severe bend (i.e. a 
smaller radius with an abrupt curve) creates greater 
stress and larger instruments will experience greater 
stress than smaller instruments when confined to the 
same curved root canal shape. Considering cycle fatigue 
as a contributor to instrument fracture, larger instruments 
(size, taper or core) should not be considered safer or stronger 
in practice. Preflaring and relocating the root canal orifice, 
thus creating straight-line access, can decrease the 
severity of curvature. 

Torsional loading during rotational use is another 
variable to consider. The amount of torque applied to the 
instrument mainly depends on the manipulation of the 
file (e.g. the amount of apical pressure) and its shaft 
design. The crown-down sequence generates lower 
torque and lower vertical forces, although these elements 
also depend on the shape of the individual canals. In this 
regard, radius of root canal curvature is the most impor- 
tant factor in determining the torque value. If two canals 
have the same angle of curvature but have a different 
radius, then the one with smaller radius has the more 
abrupt canal deviation and results in higher torque on 
the file. Shaft design itself has an influence on torsional 
loading because cutting blades could act as stress con- 
centrators, potentially resulting in more rapid crack initi- 
ation. On the contrary, radial land areas contribute to the 
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strength of the instrument by the relatively large periph- 
eral mass. The same remark can be made on the diameter 
of the central core. Adequate resistance to torque failure 
is also obtained by increasing instrument taper and size. 
The introduction of the operating microscope and 
ultrasonically powered tips allows dentin to be removed 
precisely so that in many cases fractured instruments 
may be freed and subsequently removed. Unfortunately 
the canal is often overprepared during this procedure. 
If an instrument fractures during root canal treatment, 
the patient must be informed and the progress notes 
suitably annotated. 



Preventing procedural mishaps 

Blockage 

If an instrument stops making progress into the root 
canal (i.e. if one experiences fixed or loose resistance), 
different reasons may include: 

• the canal lumen may be truly blocked (e.g. packed 
with debris or vital pulp tissue); 

• flutes on the cutting part of the instrument shaft may 
be fully loaded; 

• friction on the instrument is too high (e.g. dry condi- 
tions, taper lock); 

• root canal anatomy (e.g. narrow canals, abrupt 
curvatures and canals that converge or diverge); 

• canal aberrations (e.g. ledges and broken 
instruments). 

To avoid mishaps, it is important to figure out what is 
happening and to take proper action. Above all, one 
must not increase force on the file as this will most prob- 
ably result in ledge formation or separation of the tip. 

Blockage that is caused by the compaction of vital pulp 
tissue frequently happens with a size 15 K-file after 
negotiating the root canal with sizes 06-10 K-files. The 
tip diameters of the latter are smaller than the initial 
apical dimensions of most canals, allowing them to 
disrupt apical pulp tissue. When this happens in dry 
conditions, the sliced tissue can subsequently readhere 
to itself and meld into a solid mass of collagen if it is 
pushed by the tip of a larger file (e.g. a size 15 K-file in 
narrow canals). To prevent this from happening, root 
canals should never be negotiated without the presence of an 
irrigant (with or without lubricant) in the pulp chamber. 
When a rubber-band sensation is felt, vital pulp tissue is 
present and must be broached. 

Especially with Ni-Ti, not all curves can be taken with 
all instruments, even if the files are brand new. Our 
mental image of root canal curvature (level, angle and 
radius) is, however, seldom complete and, therefore, the 
exploration of curves with stainless steel instruments 



should compensate for the reduced tactile feedback from 
Ni-Ti rotary files. Based on this information and litera- 
ture reports, a sound file selection should be made. In 
some cases, the use of GT hand files will solve the prob- 
lem because these instruments combine the greater taper 
design with the safety of manual instrument use. 

Stripping 

Eccentric or excessive root canal preparation will often 
result in overpreparation of the inner wall, known as 
stripping. This is a particular problem on the distal 
surface of the coronal part of the mesial roots of mandib- 
ular molars (Fig. 11.24). Indiscriminate removal of tooth 
structure in this area may cause strip perforation. To 
avoid such an occurrence, shaping must be carried out 
with regard to the anatomy of the tooth and over- 
enlargement must be avoided; removal of root canal wall 
should achieve a suitable shape and diameter to allow 
efficient delivery of irrigant and subsequent obturation. 
Using hand files in a rasping action or the injudicious use 
of Gates-Glidden burs increases the likelihood of strip- 
ping in the furcation region. 

Ledging 

A ledge may result from the use of excessive apical force, 
repeated insertion of the same file to a fixed level in the 
root canal, inappropriate file movement (e.g. filing 
motion with inflexible files) or a bad shaping approach 
(e.g. the insertion of a relatively large file to a particular 




Fig. 1 1 .24 (a) Micro-CT image of a lower molar showing the root canal sys- 
tem in relation to the outer root surface. The distal surface of the furcation 
region of the mesial root (yellow arrow) is particularly prone to stripping, (b) 
Micro-CT data of another sample showing registered contours before (green) 
and after (red) instrumentation. Notice the eccentric preparation in one of the 
canals (yellow arrow), (c) Corresponding micro-CT slice of the same tooth after 
preparation showing overpreparation of the inner wall (yellow arrow) that 
eventually may lead to strip perforation (not shown). 
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level in the root canal, which is usually at the beginning 
of the curve, early in the procedure) (Fig. 11.1). 

The resulting ledge makes subsequent preparation 
apically very difficult or impossible. In an attempt to 
bypass a ledge, a twist (30° or more) is placed in the apical 
1-2 mm of a size 10-15 K-file and this instrument is 
passed down the canal with an exploration motion. If the 
ledge can be bypassed then a gentle push-pull motion 
(small amplitude) with successively larger files (or GT 
hand files) may remove the ledge. 

Zipping 

Root canal zipping is caused by transportation (straight- 
ening) of the apical one-third towards the outer aspect of 
the curve (Fig. 11.1). Zipping results in the destruction of 
the apical constriction and the creation of a relatively 
large root canal exit with an irregular cross-sectional canal 
shape that is difficult to clean, disinfect and obturate. 



Perforation 

Perforation may occur at any time during the shaping of 
the root canal system but is more prevalent during the 
access preparation and when undertaking instrumenta- 
tion in curved canals. Sudden bleeding from the root 
canal system is indicative of a perforation. Injudicious 
use of large burs in the floor of the pulp chamber may 
cause furcal perforation, which is difficult to repair 
(Fig. 11.25). As mentioned before, roots with a pro- 
nounced concavity on cross-sectional view (e.g. the 
mesial roots of mandibular molars) are prone to strip 
perforation (Fig. 11.26). Early detection and immediate 
treatment of an iatrogenic perforation are most impor- 
tant for a good prognosis. Radiography often hinders 
accurate detection of the perforation, particularly when 
it occurs in the buccolingual (or buccopalatal) plane. The 
use of EALs makes early detection of a root perforation 
possible (13). 




Fig. 1 1 .25 (a-d) Clinical case of a lower molar showing an iatrogenic perforation of the pulp chamber floor, (e-h) Treatment of the defect with MTA and filling 
of the prepared root canals with gutta-percha, (i, j) Immediate postoperative radiographs, (k, I) One-year follow-up shows complete healing. (Courtesy of 
Dr J. Berghmans.) 
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Fig. 11.26 (a, b) Radiographs showing periradicular bone loss due to an 
existing strip perforation within the mesial root of a lower first molar (later 
verified with intracanal view). 



Core concept 1 1 .3 






Each Ni-Ti-based instrument will have a mean number of cycles to 
failure that is determined by angle and radius of the root canal curva- 
ture and instrument diameter (29). A higher speed (rpm) will consume 
the useful life of the instrument faster than a lower speed. The sepa- 
ration of unbound instruments in the area of the most severe canal 
curvature should always be considered a result of cyclic fatigue with 
any system. In abrupt and severe angles, discarding the instrument 
after a single use is the safest measure. 



Instrument fracture 

Automated handpiece systems with torque control 
reduce the mechanical stress on Ni-Ti rotary instru- 
ments. The torque value for an individual file is set just 
below the limit of elasticity, and these data are pre- 
programmed in the device. The values range between 
the martensitic start clinical stress and the martensitic 
finish clinical stress, which is dependent on design and 
dimensions of the individual instrument. If the motor is 
loaded up to the torque limit, the motor stops momen- 
tarily or rotates anticlockwise to avoid permanent defor- 
mation and file breakage (11). Torque control may reduce 
the incidence of fracture but does not offer complete 
protection. In addition, a unit with auto-reverse function 
may lead the instrument to repeatedly move in a forward 
and reverse motion, resulting in increased cyclic fatigue. 

Initially all electric motors were high- torque. Some 
time later, low-torque motors came on the market. 
While the first are successfully used by experienced 
endodontists, the latter are valuable and safe for the 
beginner. Indeed, for an inexperienced operator the use 
of a low torque-control unit significantly reduces the 
incidence of intracanal breakage (48). For instruments 
with a taper of 6% or higher it becomes difficult, however, 
to determine a torque that is sufficient to rotate the larger, 
more coronal part of the instrument efficiently while not 
endangering the more fragile apical part of the file. 
Accordingly, it has been advocated that the creation of a 
glide path (see above) should allow the tip of the instru- 
ment to act as a passive pilot and thus protect the instru- 
ment from breakage even with high torque. 

The number of times that one should use a particular 
instrument (i.e. the amount of root canals that can be 
prepared safely) is an issue under debate. Even though 
cumulative damage by the mechanism of cyclic fatigue is 
theoretically important, Spanaki-Voreadi and co-workers 
(38) confirmed that a single overloading event causing 
ductile fracture of the file is a most common fracture 
mechanism. This failure mechanism denotes that certain 
factors (e.g. difficulty of the case, handling parameters, 



root canal anatomy, instrumentation technique and 
operator's experience), which may increase the stresses 
during instrumentation, play the most crucial role in 
causing separation of these (and probably other) instru- 
ments (see Core concept 11.3) The "number of times 
question" is also related to the high costs of these 
instruments. In some countries, an additional fee can 
be asked when Ni-Ti rotary files are used, to promote 
single use. On the other hand, the process of sterilization 
is also costly and it decreases the cutting efficiency of 
Ni-Ti files (30). In addition, retrieval of broken instru- 
ments is an expensive burden; from an economic point 
of view, therefore, the risks of file separation should be 
minimized. 
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Chapter 12 

Root canal filling materials 

Gottfried Schmalz and Preben Horsted-Bindslev 



Introduction 

Purpose 

To prevent bacteria and bacterial elements from spread- 
ing from (or through) the canal system to the periapical 
area, the fully instrumented root canal has to be provided 
with a tight and long-lasting obturation. Furthermore, 
any bacteria that could not be fully removed during 
cleaning and shaping procedures should be sealed 
("entombed") and thus rendered harmless by being 
deprived of nutrients. A root canal filling material should, 
therefore, prevent infection/reinfection of treated root 
canals. Together with an acceptable level of biocompati- 
bility (inert material) this will provide the basis for 
promoting healing of the periodontal tissues and for 
maintaining healthy periapical conditions. 

In addition to this traditional concept of the purpose 
of a root canal filling material, it has recently been put 
forward that a root canal filling material should be able 
to actively stimulate tissue regeneration, especially after 
a sometimes aggressive treatment procedure or after 
apical pathosis. Relevant materials may be osteoinduc- 
tive (serving as a scaffold for the ingrowth of precursor 
osteoblasts) or osteoinductive (inducing new bone for- 
mation by differentiation of pluripotent local connective 
tissue cells into bone-forming cells). 



binations of cones and sealers are currently recommend- 
ed. Thermoplastic materials prepared from gutta-percha 
are gaining increasing interest and are heated for better 
adaptation to the root canal wall. They may also be melt- 
ed and injected into the root canal in a liquid state and 
then hardened by cooling. Again, it is usually recom- 
mended to use these materials together with a sealer. 

Limitations 

As will be shown in this chapter, all materials recom- 
mended for root canal filling have advantages and disad- 
vantages and there is no material/method yet available 
that fulfills all the requirements. Therefore clinicians are 
well advised to observe new developments and the rele- 
vant scientific literature carefully. It also should be kept 
in mind that clinical properties of root canal filling 
materials depend substantially upon the treatment tech- 
nique: e.g. the amount of sealer used may determine the 
tissue reaction and the amount of leakage of some 
materials, due to factors such as shrinkage during set- 
ting, the formation of pores and enhanced solubility (45). 
Therefore, the selection and the use of a root canal filling 
material must be part of a whole treatment concept. 
Finally, there is no magic material by which the tedious 
work of correct diagnosis and chemomechanical prepa- 
ration of the root canal system can be avoided. 



Classification 

Root canal filling materials may be divided into three 
types: 

• cones; 

• sealers; 

• combinations of the two. 

Cones are prefabricated root canal filling materials of a 
given size and shape (taper). Sealers are pastes and 
cements that are mixed and hardened by a chemical set- 
ting reaction after a given amount of time. Setting time 
varies between the various preparations, from minutes 
up to days. Owing to several reasons outlined later, com- 



Selection 

Root canal filling materials should be selected on the 
basis of a critical evaluation of the presented evidence 
(preferably reports in scientific journals) in relation to 
the requirements, which will be mentioned below. 
Sometimes, however, contradicting results are reported 
for the same material. This may be due to the particular 
circumstances of both the test method used and the 
preparation of the specimens (tested freshly after mixing 
or in a set state). Thus, the clinician should ask for a set of 
tests preferably performed in a comparative (i.e. con- 
trolled) way, testing the new product against one or 
more currently accepted preparations. Selection of a 
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suitable root canal filling material is a challenge for the 
clinician regarding both his or her level of updated infor- 
mation and his or her ability to critically assess presented 
information. 



Requirements 

Root canal filling materials may be considered as implants 
and thus should fulfill the requirements of such materi- 
als concerning technical, biological and handling proper- 
ties (Core concept 12.1). 

Technical properties 

Technical properties are mainly related to sealing aspects, 
taking into account that the success of a root canal filling 
significantly depends upon the prevention of infection/ 
reinfection of the apical and lateral periodontal ligament 
and the adjacent bone. In cases of material extrusion 
beyond the apex, which is associated with elevated rates 
of clinical failure (79), resorption of the material would 
be desirable. However, this is in contradiction to the 
required insolubility. Therefore utmost care must be 
taken to avoid overfilling. 



Core concept 12.1 Requirements for an ideal root 
canal filling material 



">y 



Technical 

No shrinkage 

No solubility in tissue fluids, undisturbed setting in the presence of 

moisture 

Good adhesion/adaptation to dentin or combining materials 

(cones, sealers) 

No pores and water absorption 

No tooth discoloration 

Biological 

No general health problems or allergies for patients and dental 
personnel 
• No irritation of local tissues 
Sterile 

Antimicrobial - no enhanced bacterial growth 
Stimulation of the periapical healing process 

Handling 

Radiopaque: ISO 6876 (76) requires >3mm aluminum (dentin has 
0.6-0.7) (radiopacity of dental materials is measured as mm alumi- 
num equivalent) 

Setting in an adequate time, allowing sufficient time for obturation 
and radiographic control 

Easy to apply and easy to remove (e.g. for post placement or 
revision) using solvents, heat or mechanical instrumentation 



Biological properties 

Biological properties are related to preventing systemic 
and local tissue irritation for both the patient and the 
dental personnel and providing the potential for regen- 
eration of the apical tissues. The risk (frequency and 
severity of adverse effects) for general health impairment 
as a consequence of the use of root canal filling materials 
is generally low. Single cases of allergic reactions of 
patients and medical personnel have been reported. 
Local effects are more dramatic, especially in the context 
of overfilling beyond the apex and eventually into the 
mandibular canal (see below). 

There are some inherent contradictions between the 
requirements for a root canal filling material that have 
to be weighed against each other, e.g. antibacterial prop- 
erties versus local toxicity. Bacteria in the root canal 
should be removed by chemomechanical debridement. 
However, the complex anatomy of the root canal system 
(e.g. lateral canals) makes debridement difficult, espe- 
cially in the apical delta region (see Chapter 11). 
Furthermore, bacteria have been shown to invade den- 
tinal tubules and thus they may not be removed totally 
by chemomechanical debridement. Thorough cleaning, 
shaping and irrigation with disinfectants may not, there- 
fore, result in a completely sterile root canal system. 
Owing to the fact that leakage cannot be totally prevent- 
ed by any material/method available today, percolation 
of nutrient-rich fluid followed by bacterial regrowth may 
occur. Antimicrobial activity of root canal sealers may 
compensate for these imperfections, although this is not 
supported by direct scientific evidence. 

It should be recognized that sealers with high antimi- 
crobial activity, especially formaldehyde-releasing ZnOE 
(zinc oxide-eugenol), are also toxic to cells and tissues. 
Furthermore, sealers that release antimicrobial substanc- 
es may disintegrate at the same time. Therefore, antibac- 
terial properties of a root canal filling material based on 
the release of antibacterial substances from the sealer 
should not compromise its physical properties (such as 
stability and sealability) or biological properties. Some 
materials (e.g. epoxy resin sealers) are only antimicrobi- 
ally active during the setting period, which is an interest- 
ing approach. For a short period residual bacteria may be 
killed (toxicity is accepted); in the long run, the material 
is not toxic, leaving time for the surrounding tissues to 
heal (Fig. 12.1). 

Handling properties 

Handling properties will facilitate the actual use of the 
material and the control of the technique/treatment 
result. The length of the root canal filling is of utmost 
importance for clinical success and a sufficient radiopacity 
is needed for radiographic control. Setting conditions 
must be adjusted to the particular clinical situation the 
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Fig. 12.1 Lateral and apical regeneration of an osteolytic process in two cases after shaping and cleaning the root canal and filling with cones and a sealer of 
temporary toxicity (gutta-percha with an epoxy resin sealer). 



root canal filling techniques are aimed at and relevant 
requirements may be different for regular root canal fill- 
ings (slow setting allowing for condensation and even- 
tual correction after radiographic control) and retrograde 
fillings (fast setting for better moisture control during the 
operation). 

The ideal root canal filling material has not been devel- 
oped yet. Compromises have to be made between the 
different requirements in relation to the individual clini- 
cal situation. New formulations, however, should be 
checked critically against the list of requirements (Core 
concept 12.1). 

Biocompatibility 

An acceptable level of biocompatibility is an essential 
requirement for a suitable root canal filling material. 
According to EU regulations (Medical Device Directive 
93/42 EEC) valid within the EU and in Switzerland, 
Iceland, Liechtenstein and Norway, root canal filling 
materials have to successfully pass a clinical risk assess- 
ment procedure before they are allowed to be marketed. 



The CE sign on the package (Fig. 12.2) shows that the 
material conforms with the essential requirements of this 
directive: namely safety, efficacy and quality. In other 
parts of the world (e.g. the USA, Japan, Australia, South 
America) similar regulations are in effect. Although for 
this process the term " clinical risk assessment" is used, it 
should be noted that a new root canal filling material 




Fig. 1 2.2 The CE sign on the package shows that the material has passed a 
risk assessment procedure; note the number that identifies the supervising 
body ("Notified Body"). 
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does not necessarily have to pass clinical testing if the 
manufacturer assumes that the material is both safe and 
effective from preclinical and other data (e.g. so-called 
"historic" data from similar/identical materials that are 
on the market already and/or have been tested in the 
past). The dentist should therefore ask the manufacturer 
for clinical data (see below), because he or she is finally 
responsible for the selection of the material in the indi- 
vidual patient situation and the patient relies on his or 
her independent expertise (71). There are so far no offi- 
cial regulations concerning recommended periods for a 
clinical test of root canal filling materials. In analogy to 
restorative materials, a time of 1 year for excluding cata- 
strophic failures and a time span of 3-5 years for the final 
testing may be advisable. Products without a CE mark 
must not be used in those countries where the aforemen- 
tioned EU Directive is in effect. 

Root canal filling materials come into close and pro- 
longed contact with living tissue (e.g. bone, connective 
tissue, sinus maxillaris, nervus alveolaris inferior) and of 
dental personnel (e.g. skin of hands). Possible adverse 
reactions are of a systemic toxic, allergenic (immunologi- 
cal) or local toxic nature. Accordingly, many different 
methods have been designed to test the different aspects 
of the biocompatibility of root canal filling materials. 
Relevant test methods have been included in interna- 
tional standards (ISO 10993 or ISO 7405) (71). 

The clinical relevance of in vitro test methods (cell and 
bacterial cultures) is limited, because they do not take the 
complex clinical situation of the apical region of a tooth 
into account (Fig. 12.3). Data from such tests provide 
basic information on the material and can be used to 
explain certain clinical reactions, e.g. in relation to extru- 
sion of root canal material over the apex. In isolation, 
they are not sufficient to show biocompatibility of a 
material (70). 



In vivo biocompatibility test methods are mainly per- 
formed on laboratory animals. Relevant tests involve the 
implantation of a material into the subcutaneous/muscle 
tissues of rats, mice or rabbits (Fig. 12.4). These tests are 
mainly designed to test the potential for local toxicity. Of 
special interest are endodontic usage tests, in which the 
material is applied as used in the patient, i.e. for filling 
root canals. With such an approach, special aspects such 
as apical repair (e.g. new cement formation) or the for- 
mation of hard tissue after treatment of teeth with open 
apices (root-end closure) can be studied, because this 
requires the interaction of different specialized cell types 
that so far cannot be simulated in in vitro tests or in 
implantation studies. Although endodontic usage tests 
are closer to the clinical situation than in vitro tests, again 
they have disadvantages. For example the results of end- 
odontic usage tests depend strongly on the treatment 
method and there are indications that these tests do not 
provide a sensitive discrimination between endodontic 
materials of widely different chemical composition (58). 

The allergic potential of dental materials is tested pre- 
clinically mainly on guinea pigs, which provides a rough 
estimate. Patients who show clinical symptoms of an 
allergic reaction to a dental material may be subjected to 
special allergy tests, which apply a series of materials to 
the skin (e.g. patch test). Positive patch test results 
together with corresponding clinical symptoms (e.g. 
swelling, redness, itching) are indicative of a material- 
related allergy. For allergy testing and for avoiding rele- 
vant allergenic products in the sensitized patient, the 
composition of the material to be used must be known. 

None of the test models described so far for assessing 
the biological properties of root canal filling materials is 
identical to the clinical situation under which the material 
is to be used. Therefore clinical trials are essential; clinical 




Fig. 12.3 Cytotoxicity test with a polyketone root canal sealer: zone of 
decoloration around the test specimen (left) indicates moderate toxicity; the 
partial loss of dye (neutral red) from the cells (right) indicates moderate cell 
damage. 



Fig. 1 2.4 Tissue reaction 1 4 days after subcutaneous implantation (rat) of a 
set polyketone root canal sealer filled into a Teflon tube: accumulation of 
inflammatory cells (mainly polymorphonuclear neutrophilic granulocytes) at 
the contact area (*) with the test material indicates moderate toxicity; no 
tissue reaction at the contact area with the Teflon tube, tm = test material; 
tf = Teflon tube (negative control and material carrier). 
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trials seldom allow for histological evaluation, however. 
This means that the biocompatibility of a new root filling 
material cannot be evaluated by one test alone (68). 

Leakage/sealing 

It is generally believed that the main cause for failure of 
endodontic treatment is the lack of seal of the root canal 
filling (apical and coronal leakage), facilitating bacterial 
growth. Many studies (about 25% of the current end- 
odontic literature) are devoted to leakage and sealability. 
Leakage mainly occurs between the root canal filling and 
the root canal wall, although there are some reports 
showing leakage between sealer and core material (gutta- 
percha) and throughout the sealer. Leakage is influenced 
by the root canal filling material itself and by a number of 
other factors (Core concept 12.2). The penetration of a 
sealer into the dentinal tubules is considered to improve 
the seal (51). 

Results reported in the literature on leakage depend 
greatly upon the test methods being used. Tests most 
often are performed in vitro and include dye penetration, 
with additional pressure, centrifugation or vacuum; bac- 
terial penetration and fluid transport are also used (97). 
The clinical relevance of in vitro studies is questionable 
and contradictory results have often been reported for 
the same material using different methods (5). Therefore 
these tests are - at best - valid in a comparative manner 
whereby a new material is compared with a clinically 
established one. In vivo usage tests (e.g. on experimental 
animals) reveal more relevant results but are more diffi- 
cult to perform and more uncontrollable variables (e.g. 






Core concept 12.2 Factors influencing leakage 



(3) 



(1) Root canal anatomy and preparation. Oval, C-shaped and key- 
hole-shaped profiles of the root canals and unsuitable cleaning 
and shaping impede the correct application of the root canal fill- 
ing material. 

(2) Access cavity. Bacteria may penetrate an obturated root canal 

within a few days/weeks if the access cavity is not sufficiently 

sealed (coronal leakage). 

Smear layer. Removal using citric acid (10-50%) or EDTA (ethyl- 
enediaminetetraacetic acid) (17%) may influence leakage, 
although results are equivocal. The effect depends apparently 
upon the sealer used (Fig. 12.5). 

(4) Hemostasisi 'dryness of the root canal. The wall of the root canal 
must be clean and dry for tight adaptation of the sealer to the 
wall. 

(5) Root canal filling material. Stability, adhesion to dentin and lack 
of pores. 

(6) Sealer thickness and obturation technique. Thick layers of root 
canal sealers (e.g. a ZnOE sealer or a calcium hydroxide sealer) 
showed more leakage than a thin one (40), which may be due to 
the fact that most sealers contain pores or dissolve faster in thick 
layers. A thin layer of root canal sealer is therefore generally 
recommended. 

(7) Rinsing regimen. Marginal adaptation and setting of (resin-based) 
sealers may depend upon the rinsing solution; e.g. by the removal 
of the smear layer allowing for better penetration of the sealer 
into the dentinal tubules and the formation of an interdiffusion 
zone between the sealer and dentin collagen fibers (51). 



J 




Fig. 12.5 (a) Smear layer on root canal dentin surface after mechanical instrumentation: smear layer partially lost due to fracture of the specimen, (b) Removal 
of smear layer and erosion of dentin surface after rinsing with 10% citric acid and 5.25% NaOCI. 
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application technique) are included. Again, a set of dif- 
ferent test methods is necessary to evaluate the leakage 
properties of a new root canal filling material. Leakage 
data reported in the literature for root canal filling mate- 
rials therefore should be regarded with caution. As with 
data on other properties (e.g. biological), they are only 
mosaic tiles that need other information to determine 
the clinical value of the new material. At present, there is 
no root canal filling material available which can prevent 
leakage. Therefore, a bacteria-tight coronal restoration is 
of critical importance to ensure the success of root canal 
treatment (99). 



Gutta-percha cones 

Gutta-percha is the most common cone material used for 
root canal filling. Silver was used in the past but has been 
abandoned because of the mediocre sealing qualities, even 
when used together with sealers, and because of high cor- 
rosion leading to tooth discoloration and local tissue reac- 
tions (Fig. 12.6). Titanium cones are available and have 
good biocompatibility, but they show low radiopacity and 
poor adaptation to the root canal wall where the cross- 
sectional shape of the root canal is not circular. This 
requires a comparatively high amount of sealer and 
therefore endangers the seal of the filling. These cones 
may be considered for use in narrow and curved canals, 
where the application of gutta-percha points is difficult. 
Thermoplastic polyester or resin-coated gutta-percha 
cones have been marketed together with new methacry- 
late-based sealers (see also Methacrylate-based sealers). 

Gutta-percha cones are the material of choice for fill- 
ing the major part of the canal volume. Gutta-percha 
cones (even standardized ones) do not fit optimally to 
the shaped root canal and therefore must be compacted 




and used together with sealer; the less sealer necessary, 
the better. 



Composition 

Gutta-percha is a natural product that consists of the 
purified coagulated exudate of mazer wood trees 
(Isonandra percha) from the Malay archipelago or from 
South America. It is a high-molecular-weight polymer. 
Two forms of gutta-percha are relevant for dental prod- 
ucts: the a- and the (3-form. The (3-form is used in most 
gutta-percha cones (less brittle than the a-form) but the 
a-form is used for injectable products because of its 
better flow characteristics. 

The composition of gutta-percha cones (Table 12.1) 
varies considerably between manufacturers. This and 
the fact that gutta-percha is a natural product may be the 
reasons for the different properties reported for different 
brands. Formerly, cadmium (Cd)-based dyes were added 
to provide a yellow color, which should facilitate removal 
(if necessary, e.g. for revision). Modern gutta-percha 
preparations use other colorants and do not contain any 
intentionally added Cd compounds. Some gutta-percha 
preparations contain calcium hydroxide or chlorhexi- 
dine, with the aim of enhancing their antibacterial activity 
(temporary root canal dressing) and thereby stimulating 
apical healing. Clinical experience of such additions is so 
far limited. 

Gutta-percha cones are supplied by the manufacturers 
in different sizes (length, diameter, taper; Table 12.2). 
Standardized cones are frequently used and the idea of 
having a cone that corresponds closely to the shape and 
the dimensions of the prepared root canal is striking. 
However, there are discrepancies between the shapes of 
the cones and the shaping instruments (Fig. 12.7), and 
the actual dimensions of the gutta-percha cones may 
show considerable variation. Therefore, it is advisable to 
check the dimensions of each cone, e.g. by a suitable 
gauge, prior to use (Fig. 12.8). Some manufacturers offer 
gutta-percha cones with a color coding according to the 
ISO system for the different sizes (ISO 10-ISO 140) 
(Fig. 12.9). Cones with a 4% or 6% (and up to 12%) taper 
are offered in sizes using the ISO numbering system (i.e. 
10-140); gutta-percha cones with the same dimensions 
as special root canal shaping instruments with varying 
taper are available. 

Table 1 2.1 Typical composition of gutta-percha cones. 



Fig. 1 2.6 (a) Discoloration of a root after root canal filling with a silver cone, 
(b) Removed silver cone showing signs of severe corrosion. 



Components 


Composition (%) 


Zinc oxide 


66 


Metal sulfates (radiopacity) 


11 


Gutta-percha 


20 


Additives like colophony (rosin, mainly composed of 


3 


diterpene resin), pigments or trace metals 
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Table 1 2.2 Dimensions of gutta-percha cones. 



Type of cone 



Size 



Standardized cones Corresponds in diameter and taper (2%) to root canal 
shaping instruments according to ISO 6877. The sizes 
of the gutta-percha cones range from ISO 1 to ISO 
140 (Fig. 12.9) 

Accessory cones Larger taper, descriptive size, may be used for lateral 

compaction 

Greater taper cones Cones with a 4% or 6% (and up to 1 2%) taper or 
cones with varying taper used together with special 
engine-driven root canal shaping instruments (see 
Chapter 11) 

Compaction cones Taper corresponds to the taper of finger-spreaders 





Fig. 1 2.7 Scanning electron microscope picture of the tip of a gutta-percha 
cone and the corresponding root canal file; note the discrepancies in shape. 



Fig. 1 2.8 (a) Gauge for controlling the size of the actual gutta-percha cone, 
(b) The actual cone is too thin, because it reaches out of the gauge. 



Gutta-percha may be used cold in combination with a 
sealer. Owing to its thermoplastic properties, gutta- 
percha may be used also in a heated state, which allows 
closer adaptation to the canal walls (Fig. 12.10). The 
products consist of a plastic core (carrier) coated by oc- 
form gutta-percha for improved flow characteristics and 
to reduce shrinkage after cooling. Gutta-percha also may 
be liquefied at 70°C (Ultrafil) or 160/200°C (Obtura II) and 
injected directly into the root canal (see Chapter 13). 



Technical properties/ leakage 

Gutta-percha cones are flexible (elastic) at room tempera- 
ture, become plastic at about 60°C and are volume 
constant under mouth conditions. Heating leads to 
expansion (and cooling to contraction), a fact that reduces 



Dimensions in millimeters 
Optional flattened end - 




Q 



X 
Datum line 



EE 



Projected diameter at tie 



Notes 

1. The diameters are expressed in hundredths 
of millimeters. ISO-table gives the values 
of d v d 2 and c/ 3 for each size. 

2. The taper of standardized cones is 
0.02 mm per 1 mm length, therefore 
d 3 = d 1 + 0.32 mm. 

3. In detail X, the exact shape of the tip is 
left to the manufacturer. 



Fig. 12.9 Scheme for the dimensions of a 
standardized gutta-percha cone according to 
ISO 6877; c^ x 1 00 = size designation of gutta- 
percha cone (ISO 10-ISO 140). 
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Fig. 12.10 (a) Oven for warm- 
ing gutta-percha cones; (b) and 
the corresponding cones. 



the sealing quality of warm or liquid gutta-percha appli- 
cation (when used without a sealer). Gutta-percha is 
soluble in organic solvents such as eucalyptus oil. 

Gutta-percha does not adhere to the canal walls, 
regardless of the filling technique applied, resulting in 
the potential for marked leakage. Therefore, it is general- 
ly recommended that gutta-percha (used cold or heated) 
is used together with a sealer. For an optimal seal the 
sealer layer should generally be as thin as possible, there- 
fore the skill of the operator plays an important part in 
the success of the treatment by correctly compacting 
gutta-percha; it is apparently of minor importance which 
method of compaction is used. 



Toxicity score 



20 




^| 1 h setting time 
| 24 h setting time 
| No mixing 



n 



AH 26 



Diaket ZnOE/Form Gutta- Gutta- 

percha 1 percha 2 

Test material 

Fig. 12.11 Cytotoxicity of different root canal filling materials; human cells 
were exposed to eluates of the materials and the effect upon cell growth was 
measured; high scores indicate strong cytotoxicity. For sealers, effects of 
freshly mixed materials and set materials were measured; for gutta-percha, 
two brands were tested. ZnOE/Form = formaldehyde-containing ZnOE sealer 
(69). 



Biological properties 

No systemic toxic reactions toward gutta-percha have 
been reported in the literature. Allergic reactions to 
gutta-percha are extremely rare. One case was reported 
of a suspected allergic reaction during a root canal treat- 
ment with a patient who was sensitized to natural latex. 
No latex gloves were worn during treatment, but pain, 
swelling of lips and diffuse urticaria developed after 
treatment. After 4 weeks the gutta-percha cone was 
removed and the symptoms abated. The allergy was 
attributed by the authors to the fact that pure gutta- 
percha and natural latex are fabricated from natural sub- 
stances derived from trees of the same botanical family 
(11). No further cases have been reported. Cones made 
from synthetic gutta-percha are available. 

Depending on the product, several cell culture studies 
have demonstrated gutta-percha to have little or no 
cytotoxicity (Fig. 12.11). Generally, gutta-percha is well 
tolerated by animal tissues (e.g. rat and mouse connec- 
tive tissue); it induces the formation of a collagenous 
capsule with no or almost no inflammation (Fig. 12.12). 




Fig. 12.12 Tissue reaction 7 days after intramuscular implantation of gutta- 
percha: no inflammatory cells can be observed at the contact area with the test 
material (*), which indicates good biocompatibility. tm = test material; 
tf = Teflon tube (negative control and material carrier). 
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The elevated temperatures involved in the application 
of injectable liquefied gutta-percha or of heat-mediated 
condensation/compaction techniques have been the 
motive for several investigations into the involved risk 
for adverse clinical effects. Intracanal temperatures have 
been measured, the highest being for the thermo- 
mechanical condensation technique (see Chapter 13) 
(Table 12.3). Interestingly, for liquefied gutta-percha 
(Obtura II), which is heated to more than 160°C, the 
intracanal temperature shows a maximum of only 61 °C, 
which reflects the cooling process during application 
(94). 

However, the main target tissue (the periodontal 
ligament) is separated from the heated gutta-percha by 
dentin, which, owing to its low thermal conductivity, 
acts as a thermal isolator. Its effectiveness depends on 
the dentin thickness. Therefore temperature measure- 
ments at the surface of the root are clinically more rele- 
vant. It is generally accepted that a temperature rise of 
approximately 10°C above normal body temperature is 
critical if maintained over 1 min; over 5 min bone dam- 
age will occur (23). Again, the highest temperatures were 
measured on the root surface with the thermomechani- 
cal compaction technique, with differences depending 
on the rotational speed of the compacting instrument. 
After stopping compaction, heat dissipated in 15-30 s for 
an elevation of less than 10°C (66). 

The reaction of the target tissues (periodontal liga- 
ment) after injection of heated gutta-percha into the root 
canals of a dog showed no evidence of inflammation. In 
the case of overfilling, an acute inflammatory reaction 
was observed briefly after insertion and a chronic/foreign 
body reaction was found in long-term experiments (46). 
The classical warm vertical condensation or the warm 
lateral condensation technique did not cause any heat- 
related periodontal damage in monkeys and miniature 
pigs. Contrary to these data, thermomechanical compac- 
tion of gutta-percha with a sealer caused tissue damage 
(see Key literature 12.1). 

In conclusion, for melted injectable gutta-percha, no 
tissue damage is expected due to rapid cooling during 
application and the isolating capacity of the dentin layer. 
If this layer is not present, e.g. after overfilling, a tissue 
reaction may occur. No such risks exist for the classical 

Table 1 2.3 Temperature measurements for liquefied gutta-percha. 






Key literature 12.1 



Technique 




Intracanal 


Tooth surface 






temperature 


temperature rise 






(°Q 


(°C) 


Ultrafil 




70 




Obtura II 




Max. 61 


Max. 8.9 


Warm vertical condensation 


45-80 


3-7 


Thermomechanical 


compaction 


55-100 


14-35 






Saunders (67) studied histologically the effect of thermomechanical 
compaction (10000rpm) of gutta-percha with a calcium hydroxide 
sealer upon the cementum of ferret teeth. Twenty days after root fill- 
ing, 20% of the experimental teeth showed signs of surface resorp- 
tion of cementum in the central section of the root with no signs of 
inflammation. After 40 days, 28% showed resorption and, of these, 
22% exhibited ankylosis of alveolar bone to cementum. Controls with 
lateral condensation showed no resorption or ankylosis. The author 
concluded that heat generation by this method is sufficient to stimu- 
late surface resorption and ankylosis in the longer term. 



warm condensation technique, with the use of heated 
instruments or with the prewarming of gutta-percha 
cones. The use of sealers further reduces temperature 
rises. However, with the thermomechanical compaction 
technique elevated temperatures on the root surfaces 
have been recorded, as well as tissue damage with 
cementum resorption and ankylosis. 

Antimicrobial properties 

Gutta-percha provides some antimicrobial properties, 
with the active substance being ZnO from which zinc 
ions (Zn 2+ ) are mobilized by hydrolysis. Some brands of 
gutta-percha are active against anaerobically cultivated 
isolates from root canals. The occurrence and the size of 
the inhibition zones varied with the bacteria used for 
testing and the brand of the gutta-percha cone (93). 

Handling properties 

Gutta-percha cones are usually supplied by the manu- 
facturer in a non-sterile form. Storage in commonly used 
disinfectants may have a negative influence on the 
mechanical properties of the cones and should be avoid- 
ed, unless evidence is presented that the cones are not 
damaged. Instead, an effective surface disinfection (e.g. 
with 5.25% NaOCl) immediately prior to use is advisable; 
afterwards the cones should be rinsed in 70% alcohol to 
prevent NaOCl crystals forming on the gutta-percha 
cone. Recently, gutta-percha cones that are "free of living 
germs" (declaration of the manufacturer) have been 
marketed (Fig. 12.13). Gutta-percha cones should be 
stored in cool and dark conditions in order to prevent 
hardening and brittleness due to further crystallization 
and/or oxidation. A technical problem with the use of 
heated gutta-percha is the higher frequency of extrusion 
of root canal sealer. 

Owing to its comparatively soft consistency, gutta- 
percha can be removed mechanically by conventional 
hand file or by rotary instruments (see Chapter 20). 
Gutta-percha preparations using a plastic carrier can be 
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Fig. 12.13 Gutta-percha cones delivered ("germ-free") in an aqueous solu- 
tion of ethanol and hexetidine. 

removed using organic solvents, e.g. eucalyptus oil. The 
carrier can be bypassed by endodontic instruments. The 
radiopacity of gutta-percha was measured to be between 
6.14 and 8.8 mm Al (76) and this is considered to be 
sufficient. 



Sealers 

Sealers are used to fill voids and minor discrepancies of 
fit between the gutta-percha cones and the root canal 
wall. Without a cone, leakage increases significantly, 
probably owing to the fact that sealers may shrink dur- 
ing setting, pores may develop and the solubility of the 
sealers is enhanced when used in thick layers; the net 
effect is volume dependent, which is the main reason for 
using no more sealer than is absolutely necessary. 
Therefore, the use of sealers without any cone, as was 
recommended in the past, is obsolete today. Sealers com- 
prise a heterogeneous group of materials with different 
compositions (Core concept 12.3). 

One polyketone sealer has been marketed for some 
decades. It has good mechanical and sealing properties 
and no effects on general health are to be expected. On 
the other hand, the comparatively short period for set- 



Core concept 12.3 



Classification of root canal 
sealers 



Sealers commonly used are based on: 
Polyketone 

Glass ionomer cement 
Zinc oxide and eugenol (ZnOE) 
Epoxy resin 
Calcium hydroxide 
Methacrylate resins 
Mineral trioxide aggregate (MTA) 
Silicone 



ting may be a problem, especially when complicated 
compaction techniques are used and teeth with more 
than one root canal are to be treated. However, this may 
be advantageous in a root-end filling situation. The 
material is only moderately toxic and apparently does 
not actively stimulate the healing of apical tissues. 

Glass ionomer cements (GICs) have also been recom- 
mended as root canal sealers. The main problems of the 
GIC sealer are related to leakage, which may be due to 
moisture sensitivity during setting. The formation of 
pores may be another problem. On the other hand, these 
materials may offer the possibility of strengthening the 
root due to chemical binding to dentin, therefore further 
test results and/or material improvements should be 
monitored. These sealers are not in widespread use. 
Sealers commonly used will be discussed in more detail 
in the following paragraphs. 

Zinc oxide-eugenol sealers 

Zinc oxide-eugenol (ZnOE) sealers have been used for 
many years and ample clinical experience exists with 
these materials. However, sealing ability and biological 
properties are, in general, inferior compared with other 
root canal sealers. Because of its tendency for disintegra- 
tion ZnOE is still recommended as a root canal filling 
material for deciduous teeth. However, it has not been 
shown that disintegration of the material occurs parallel 
to tooth resorption. Formaldehyde-releasing ZnOE root 
canal sealers should not be used any more because of 
their inherent toxic potential. The European Society of 
Endodontology discourages the use of these materials 
(26). 

Composition 

These sealers comprise a fairly large group of different 
preparations. In addition to the standard composition of 
ZnOE sealers (Grossman sealer, Table 12.4), some prepa- 
rations contain thymol or thymol iodide for increasing 
the antimicrobial effects. Also, hydroxyapatite or calcium 
hydroxide has been added to improve apical healing. 
In some sealers eugenol is partially or totally replaced 
by oil of cloves, Peru balsam or eucalyptol. Oil of cloves 
is a natural product that contains 60-80% eugenol. The 
ZnOE sealers may contain colophony (a rosin, mainly 
diterpene resin acids) to give body, to impart adhesive- 
ness to the sealer and to reduce the solubility/disintegra- 
tion of the sealer. Some ZnOE-based sealers contain 
paraformaldehyde (e.g. 7% of the powder), with the 
claim of long-term disinfection by the release of 
formaldehyde. 

The ZnOE preparations harden in a humid environ- 
ment by forming a ZnOE chelate compound. The mix 
sets within 24 hours but the speed can be regulated by 
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Table 1 2.4 Typical composition of a ZnOE sealer. 



Powder 



Liquid 



Zinc oxide (42%) 
Staybelite resin (27%) 
Bismuth subcarbonate (1 5%) 
Barium sulfate (15%) 
Sodium borate, anhydrous (1%) 



Eugenol (4-allyl-2-methoxyphenol) 



the addition of resins, calcium phosphates or zinc acetate. 
The setting reaction is reversible, releasing eugenol and 
zinc ions under hydrolytic conditions. 

Technical properties/ leakage 

Several studies showed apical leakage around ZnOE 
sealers that increased with storage time (measured up to 
2 years) in thick layers more than in thin layers (45). 
Sealing properties of ZnOE sealers were inferior in com- 
parison to other sealers (epoxy resin or calcium hydrox- 
ide sealers). Adhesion of ZnOE sealers to gutta-percha 
cones is sufficient. Also, coronal leakage was greater for a 
ZnOE sealer (when used with a lateral condensation 
technique) than for a calcium hydroxide sealer, probably 
due to the relatively high solubility of the ZnOE sealer 
(4). It can be concluded that the sealing properties of 
ZnOE sealers in general are somewhat inferior to most 
other available materials. Removal of the smear layer 
improves the seal. 



Biological properties 

Eugenol, a phenol derivative, has attracted prime inter- 
est from a biological point of view. Systemic toxicity was 
evaluated to be low and eugenol is an accepted nutrition 
additive. However, eugenol is a known contact allergen, 
as are colophony and Peru balsam. Eugenol and its 
derivatives are used in fragrances, and allergies to fra- 
grances may be related to eugenol. Cases of allergic 
reactions toward ZnOE-containing temporary filling 
materials have been reported (38), but apparently not for 
root canal sealers. Formaldehyde, which is released from 
certain ZnOE sealers, is also a known allergen. A female 
patient, a few hours after the application of a high form- 
aldehyde-containing root canal paste, reported urticaria 
of the lower jaw that rapidly cleared with oral corticoste- 
roids. In a skin test, the patient reacted positively to the 
formaldehyde-containing liquid of the root canal paste 
(21). 

Eugenol is cytotoxic and the same has been shown 
frequently for ZnOE with different cell culture systems, 
especially after mixing but also in a set state. Even higher 
cytotoxicity was observed with formaldehyde-containing 
ZnOE sealers, which were classified as highly/extremely 
cytotoxic (Fig. 12.14) (3) and reveal strong cytotoxic 
effects (Fig. 12.11) even after several elutions of the hard- 
ened specimens (31). 

Some components of ZnOE sealers have neurotoxic 
effects. Eugenol inhibited nerve conductance in vitro in 
experiments with different nerve tissues. Furthermore, 
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Fig. 12.14 (a) An empty polytube, (b) a tube filled with a ZnOE 
sealer, and (c) a tube filled with a formaldehyde-releasing ZnOE 
sealer were transferred, immediately after obturating, to tissue 
culture flasks containing cultures of human oral fibroblasts. 
Toxicity was evaluated after 5, 10 and 15 days. The illustration 
shows the results after 15 days. In (a), the control group, the 
fibroblasts proliferate close to the test tube (right). In (b) a narrow 
inhibition zone persists adjacent to a ZnOE-containing tube. In (c), 
where the tube contained a formaldehyde-releasing sealer, no 
vital cells are seen (3). 



(c) 
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eugenol has both local and general anesthetic effects. 
Taking into consideration the concentrations involved, a 
possible neurotoxic effect of eugenol may be reversible in 
vivo (14). On the contrary, formaldehyde irreversibly 
suppressed nerve conduction in concentrations that may 
be reached in patients with formaldehyde-containing 
root canal sealers owing to the high solubility of formal- 
dehyde in water (14). The results with the formaldehyde- 
containing sealers suggest permanent damage of the 
nerve in vivo (14, 15). 

ZnOE sealers have a moderate local toxicity that is 
strongly enhanced by the addition of paraformaldehyde 
(40) (Key literature 12.2, Fig. 12.15). There are reports 
indicating favorable clinical results using sealers contain- 
ing formaldehyde. However, as mentioned, clinical out- 
come depends on many variables and is by itself no proof 
of acceptable biological properties. 

ZnOE sealers with paraformaldehyde were reported 
to induce aspergillosis of the sinus maxillaris if the 
material is overfilled into the sinus. A typical radiograph 
shows a homogeneously clouded antrum with one or 



Key literature 12.2 



Hong et al. (40) performed experiments on the incisors of monkeys. 
They deliberately overfilled the root canals (thus simulating a worst- 
case situation) with two ZnOE sealers, one releasing formaldehyde 
and the other not. The tissue reaction was evaluated histologically. 
The formaldehyde-releasing ZnOE sealer caused severe periapical 
inflammation even after 6 months; the formaldehyde-free sealer 
evoked milder alterations. Under the same experimental conditions a 
calcium phosphate sealer (experimental material) produced only 
minimal tissue reactions and even new bone was formed. Based on 
their results the authors recommend materials that alter periapical 
tissues as little as possible, to prevent severe and chronic tissue reac- 
tions after inadvertently overfilling the root canal. 



more round-to-oval radiodense objects (Fig. 12.16). 
Clinical symptoms are inconclusive: most patients report 
intermittent pain and tenderness of the cheek. Other 
patients have no clinical symptoms and aspergillosis 
may be detected incidentally at an X-ray examination 
(6). 




Fig. 12.16 Radiograph of a maxillary sinus with suspected aspergillosis 
from an overfilled root canal in the right sinus: round to oval radiodense 
objects in the right sinus indicate aspergillosis; the responsible tooth was 
extracted (a) and the tissue was removed from the sinus (b). (Courtesy of 
Dr Harle.) 




Fig. 12.15 Tissue reaction 7 days after intramuscular implantation of a formaldehyde-releasing ZnOE sealer: extended area of inflammatory cells and necrotic 
tissue at the contact area with the test material (*) indicates strong toxicity for the material (a) after mixing and (b) after 7 days of setting, tm = test material; 
tf = Teflon tube (negative control and material carrier). 
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Antimicrobial properties: ZnOE sealers have demonstrated 
antimicrobial properties on a variety of microorganisms, 
including Enterococcus faecalis suspensions and anaerobic 
bacteria even 7 days after mixing. This effect was stron- 
ger than the effect produced with calcium hydroxide 
products but less than an effect from an epoxy resin sealer 
(Fig. 12.17). Apparently, eugenolis the main antimicrobial 
agent. 0rstavik (57), in an experimental model of 
contaminated dentinal tubules, has shown that a 
ZnOE sealer in the pulp chamber disinfected the dental 
tubules to a depth of 250 urn (Fig. 12.18). Formaldehyde- 
releasing ZnOE sealers show extensive antimicrobial 
properties (Fig. 12.17). This activity lasts longer than that 
of formaldehyde-free sealers but also decreases with 
time. 

Handling properties 

ZnOE-based sealers are easy to handle. They can be 
mixed to a smooth paste, which allows enough time for 
obturation and control radiography before setting. 
Removal can be performed with organic solvents. The 
radiopacity of different ZnOE sealers was 5. 16-7.97 mm 
Al (76) and thus can be regarded as sufficient. 
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Fig. 12.17 Antimicrobial properties: distance of growth inhibition zone for 
several root canal sealers and different bacterial strains. Large zones indicate 
extensive antimicrobial properties. ZnOE/Form = formaldehyde-containing 
ZnOE sealer (56). 



Epoxy resin sealers 

Epoxy resin sealers have comparatively good mechanical 
and sealing properties. No effects on general health are 
expected and allergic reactions are apparently rare. 
Antimicrobial properties are good, especially in a freshly 
mixed state. Cytotoxicity is moderate to low (set state). 
Mutagenicity is mainly observed shortly after mixing and 
no unacceptable risk is expected for the patient. For den- 
tal personnel, a "no touch technique" is recommended. 

Composition (Table 12.5) 

The original preparation (AH26), although still on the 
market in some countries, has been replaced by a follow- 
up product (AHPlus, Topseal). Because the silver in 
AH26 may lead to tooth discoloration due to the forma- 
tion of black silver sulfides, preparations are available 

Table 1 2.5 Composition of epoxy sealer. 



Powder 



Liquid 



Bismuth (III) oxide (60%) Bisphenol-A-diglycidylether (BADGE) 

Hexamethylene tetraamine (25%) a 
Silver (1 0%) b 
Titanium dioxide (5%) 

a For a follow-up product adamantane amine, A/,A/'-dibenzoyl-5-oxanonane- 

diamine-1,9-TCD-diamine is used as a catalyst. 

b Sealers with bismuth oxide instead of silver are on the market. 
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Fig. 12.18 Antimicrobial properties: depth of dentin at which bacteria 
{Enterococcus faecalis) were killed by the root canal sealers. ZnOE/Form = 
formaldehyde-containing ZnOE sealer; ZnOE/CH = calcium hydroxide-contain- 
ing ZnOE sealer (57). 
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without silver, and bismuth oxide is added for radiopaci- 
ty. A newly developed preparation (AHPlus) is also 
based on an epoxy resin (BADGE) but contains a differ- 
ent catalyst. 

The setting reaction of AH26 takes about 1-2 days 
(at body temperature) and is a polymerization process 
during which formaldehyde is released, but the concen- 
tration is more than 300-fold less than that of a formalde- 
hyde-releasing ZnOE formulation (82). AHPlus sets in 
about 8 hours. There are indications that AHPlus does 
not release formaldehyde. 

Technical properties/ leakage 

Epoxy-based sealer shows comparatively good mechani- 
cal properties and adhesion/adaptation to dentin. After 
initial volumetric expansion, the sealer shows some 
shrinkage when tested at longer intervals. In general, 
in vitro and in vivo studies with the material showed 
better sealing properties than with any other sealer test- 
ed, although it was far from perfect because an increas- 
ing storage time (up to 2 years) decreases the sealing 
quality (45). Studies on the sealing properties of AHPlus 
compared with AH26 show inconsistent results. If the 
smear layer is removed from the root canal walls, AH26 
is able to flow into the orifices of the dentinal tubules 
(Fig. 12.19), which is the reason for the comparatively 
good adhesion of AH26 to dentin. The adhesion to the 
gutta-percha cone is sometimes not as good (Fig. 12.20). 

Biological properties 

Epoxy resins are biologically active molecules but no 
reports are available in the literature on systemic toxic 
reactions caused by epoxy-based sealers. One case of 
allergic reaction to AH26 was reported after root canal 
filling, characterized by erythema of the face and the 
neck and a positive skin test (Fig. 12.21) (41). Positive 



■HHH^HHHHHH 




Fig. 1 2.20 Lack of adhesion between the epoxy resin sealer and the gutta- 
percha point. 



reactions to AH26 have also been observed in the guinea 
pig maximization test (37). 

The cytotoxicity of AH26 is related to the setting reac- 
tion: freshly mixed, the material is cytotoxic, but after 
setting it is not toxic or only slightly toxic (Fig. 12.11) (69). 
Cytotoxicity was related to the initial release of formalde- 
hyde during setting. In vitro AH26 showed some inhibi- 
tion of nerve conductance, which was partially reversible 
(15). 

In both in vitro and in vivo experiments AH26 was 
mutagenic (24, 35), especially in a freshly mixed state (73, 
75). The cause of the mutagenic reaction may be formal- 
dehyde formed during the setting reaction or the epoxy 
monomer (BADGE). AHPlus (which also contains 
BADGE) was also shown to be mutagenic, but only 
immediately after mixing (74). Because the set material in 




Fig. 12.19 (a) Scanning electron micrograph of root canal dentin after smear layer removal with citric acid, (b) AH26 used as a sealer on a smear-layer-free 
dentin surface: the sealer enters the dentinal tubules. (Courtesy of Dr A. Petschelt.) 
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Fig. 12.21 Allergic reaction to an epoxy resin sealer. A couple of hours fol- 
lowing root filling of tooth 46 the patient developed swelling and erythema of 
the right side of the face and neck. Redness of the oral mucosa around tooth 
46 was experienced and the tooth became tender to percussion. The symptoms 
subsided after a couple of days. The root filling was removed and the canals 
were later obturated without complications using gutta-percha points and 
ZnOE cement. Before obturation a strong positive patch test reaction to 
bisphenol-A-ethyldimethacrylate (BISEMA), bisphenol-A-glycidyldimethacry- 
late (BISGMA) and epoxyacrylate was demonstrated. The patient recalled that 
almost similar symptoms had arisen 6 months previously when another tooth 
was root filled. However, the previous reactions were not as serious. 



most studies was non-mutagenic, it was concluded that 
it can be used in the patient situation but care should 
be taken by the dental personnel, who may come into 
frequent contact with the unpolymerized material. 
Therefore, a "no touch technique" is recommended. 

After implantation or root canal filling in different 
small laboratory animals, the epoxy sealers proved to be 
toxic initially but the reaction resolved partially or even 
totally with prolonged postoperative observation peri- 
ods (Fig. 12.22). Overfilled AH26 was solubilized and 
phagocytosed or surrounded by fibrous tissue. 



Antimicrobial properties: AH26 has antimicrobial proper- 
ties (Fig. 12.17). Similar to local toxicity, the antimicrobial 
effect decreases with increasing setting time. Compared 
with ZnOE, calcium hydroxide and GIC sealers on the 
model of infected root dentin, AH26 showed the stron- 
gest antimicrobial effect (Fig. 12.18) (36), probably due to 
the initial release of formaldehyde. 

Handling properties 

Epoxy-based sealers have been used for more than 
40 years worldwide and their handling properties are 
usually considered to be good. Radiopacity is sufficient 
(6.6mm Al). However, the materials set to a hard mass 
that, in a clinically relevant time, is virtually insoluble 
even for organic solvents. Therefore, this material must 
be used together with gutta-percha cones. 

Calcium hydroxide sealers 

Calcium hydroxide sealers have inferior technical prop- 
erties compared with polyketone or epoxy resin prepara- 
tions. Leakage studies show inconsistent results, with a 
tendency for poorer sealing quality compared with other 
sealers. From a biological point of view, calcium hydrox- 
ide sealers are very favorable materials and they exhibit 
- at least in a freshly mixed state - considerable antimi- 
crobial activity. Furthermore, they belong to the few 
materials that apparently support apical healing and 
hard-tissue formation (root-end closure). 

Composition 

These sealers were introduced in an attempt to stimulate 
periapical healing with bone repair through the release 
of calcium hydroxide (Table 12.6). The setting reaction is 
based on the salicylate compounds. Calcium hydroxide 




Fig. 1 2.22 Tissue reaction 7 days after intramuscular implantation of AH26: (a) an accumulation of inflammatory cells (mainly polymorphonuclear neutrophilic 
granulocytes) at the contact area between the test material and the tissue (*) indicates moderate toxicity of the material directly after mixing; (b) the tissue in con- 
tact with the set material shows no inflammatory cells (*) so the set material is therefore virtually non-toxic, tm = test material; tf = Teflon tube (negative control 
and material carrier). 
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Table 1 2.6 Main components of a calcium hydroxide sealer. 



Base paste 



Catalyst paste 



Calcium hydroxide (32%) 
Colophony (32%) 
Silicon dioxide (8%) 
Calcium oxide (6%) 
Zinc oxide (6%) 
Others (16%) 



Disalicylates (36%) 
Bismuth carbonate (18%) 
Silicon dioxide (15%) 
Colophony (5%) 
Tricalcium phosphate (5%) 
Others (21%) 



sealers release OH~ and Ca 2+ ions. The amount varies 
between different brands, but the clinical significance of 
this difference is not known. Release of these ions is 
markedly higher when suspensions are used. Calcium 
hydroxide sealers evoked an increase of pH to between 
9.5 and 11.5 when placed in distilled water (48 hours 
after setting); under the same conditions pure calcium 
hydroxide paste increased pH to 12.5. When calcium 
hydroxide sealers are used together with lateral conden- 
sation of gutta-percha, the outer dentin surface does not 
become alkaline, in contrast to the use of calcium hydrox- 
ide suspensions (25). 

Technical properties/leakage 

Mechanical properties of calcium hydroxide sealers are 
inferior compared with polyketone-, epoxy- or GIC- 
based sealers. The desired release of OH~ ions may be 
associated with degradation of the sealer, enhancing 
leakage. Degradation of salicylate-based materials is 
known from their application as pulp capping agents. 
Studies clearly indicate significant volumetric expansion, 
disintegration and high solubility of a calcium hydroxide 
sealer following long-term observations. Apparently, 



some calcium hydroxide sealers dissolve at a relatively 
high rate, especially when used in a thick layer (Fig. 12.23) 
(98). The bond to dentin is weak (95). One calcium 
hydroxide sealer (Sealapex) showed comparatively good 
sealing capability when used alone in primary teeth and 
was recommended for this indication (42). 

Biological properties 

There are no reports available in the literature about 
systemic-toxic, allergic or mutagenic effects of calcium 
hydroxide sealers (24). Their cytotoxicity is reported to 
be generally low (compared with other commonly used 
sealers) when tested in different cell culture systems (13, 
31). However, both a calcium hydroxide sealer and a 
calcium hydroxide-containing ZnOE sealer tested in vitro 
induced a fast and complete inhibition of nerve conduc- 
tance when in direct contact with the nerve. After 30min 
of contact, the nerve conduction was irreversibly blocked 
by both materials (8). 

After implantation in rats and guinea pigs, calcium 
hydroxide sealers initially caused a severe reaction that 
diminished after several months and was finally lower 
than with a ZnOE sealer. A calcium hydroxide sealer 
applied in root canals evoked an extensive apical hard- 
tissue formation (81). 

Antimicrobial properties: Antimicrobial properties have 
been shown for calcium hydroxide-based sealers in sev- 
eral in vitro experiments, and the activity may even 
increase over time along with partial disintegration of 
the sealer. The mechanism is related to the high pH. 
However, the buffer capacity of body fluid will reduce 
the antimicrobial effect, which may explain why ZnOE 
sealers exhibit a stronger antimicrobial effect than calcium 




Fig. 12.23 Resorption of sealer: (a) root filling with gutta-percha points and a calcium hydroxide sealer after 
pulpectomy; (b) resorption or dissolution of the most apical part of the root filling after 10 months. (Courtesy of 
DrA. Burhart.) 
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hydroxide products regardless of the microorganisms 
tested (1). In accordance with the latter study, the calcium 
hydroxide sealer did not disinfect the dentinal tubules 
infected with Enterococcus faecalis after 4 hours (Fig. 12.18) 
(57). This is in line with the observation that enterococci, 
which are frequently isolated from persistent root canal 
infections, resist calcium hydroxide. 

Root-end closure 

A "root-end closure" is the induction of calcified tissue 
formation to obturate the dental apical foramen; it was 
first reported in 1960. In several experiments with 
monkeys, osteocementum/cementoid substances at and 
around the open root apices were developed after the 
application of a calcium hydroxide suspension for 3 and 
6 months. Clinical success rates are in the range of 74- 
100% (Fig. 12.24). 

The mechanism by which calcium hydroxide prepara- 
tions provide for hard-tissue formation is not yet eluci- 
dated. It is apparently related to the high pH and the 
released calcium ions from the material, which promote 
a state of alkalinity of the adjacent tissues - a condition 
that arrests root resorption and favors repair, due to inhi- 
bition of osteoclastic activities. It has been postulated 
further that Ca 2+ acts on the process of cell differentia- 



tion and on macrophage activation and that acids pro- 
duced by osteoclasts are neutralized and calcium 
phosphate complexes are formed. It was suggested that 
activation of ATP, which accelerates bone and dentin 
mineralization, and the induction of TGFp (transforming 
growth factor beta), which represents a group of signal- 
ing molecules, play a central role in biomineralization. A 
further factor is the antimicrobial activity of calcium 
hydroxide sealers. 

Handling properties 

Handling properties of calcium hydroxide sealers are 
adequate; the radiopacity is regarded as sufficient. The 
material can be removed from the root canal with com- 
mon rotary instruments. 

Methacrylate-based sealers 

In order to reduce leakage, methacrylate-based materi- 
als used in adhesive coronal dentistry were transferred 
to the root canal system. As in a coronal cavity, in the 
root canal a smear layer is present on the dentin after 
instrumentation. However, in contrast to the dentin sur- 
faces in cavities, the anatomy of the root canal is more 
irregular with lateral canals and a decreasing number of 




Fig. 1 2.24 Root-end closure of a lower premolar after treatment with a calcium hydroxide suspension for 6 months (lower left image). 
For the final root canal filling (lower right image) an epoxy sealer with gutta-percha was used. (Courtesy of Dr B. Thonemann.) 
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Table 12.7 Composition of resin-based root canal filling systems (68); information from the literature (36, 81, 


1 00) and from material safety data sheets. 


Epiphany system®* RC - Sealer® # 


EndoRez® 


Primer Sealer Point (Resilon) Sealer Point 


Sealer Point 



AMPS* and hydrophilic UDMA 
PEGDMA 



monomers solution 

Camphorquinone 

*2-Acrylamido-2- 
methylpropane sulfonic 
acid 



EBPADMA 

Bis-GMA 

Amines 

Peroxide 

Photo-initiator 

Stabilizers 

Si lane-treated barium- 
borosilicate glasses 

Barium sulfate 

Silica 

Calcium hydroxide 

Bismuth oxychloride 

Pigments 



Copolymer of 
polycaprolactone and 
urethane methacrylate 

Bioactive glass 

Radiopaque fillers 

Coloring agent 



Liquid: 

4-META 

HEMA 

Dimethacrylates 

Powder: 

Polymethylmethacrylate 

Zirconium dioxide 

Amorphous silica 

TBB (tri-n-butylborane) 
partially oxidated 

Polymerization initiator 



Resilon or 
gutta-percha 



2,2'-(p-Tolylimino) 
diethanol 

TEGDMA 

DUDMA 

Benzoylperoxide 

Zinc oxide 

Barium sulfate 

Pigments 



Resin-coated 

(polybutadien- 
diisocyanat- 
methacrylate) 
gutta-percha 



Materials of similar or identical composition: * = Real Seal® (primer, sealer, points); # = Hybrid Root Seal® and MetaSEAL®. 

Bis-GMA = bisphenol A-glycidyldimethacrylate; UDMA = 1,6-bis(methacrylyloxy-2-ethoxycarbonylamino)-2,4,4-trimethylhexane; PEGDMA = polyethylene glycol 
dimethacrylate; EBPADMA = ethoxylated bisphenol A dimethacrylate; HEMA = 2-hydroxyethyl methacrylate; 4-META = 4-methacrylolyloxyethyl trimellitate 
anhydride; TEGDMA = triethylene glycol dimethacrylate; DUDMA = diurethane dimethacrylate. 



dentinal tubules in the apical area. Furthermore, the 
apical canal wall is partially covered with calcified 
appositions. Therefore, the transfer of adhesive dentistry 
to the root canal is not unproblematic. In vitro studies 
report conflicting results and clinical experience is limit- 
ed. Methacrylate-based sealers materials are in an early 
state of development. They have a great potential, 
although there is no clear proven clinical advantage 
so far (72). 

Composition 

Methacrylate-based sealers are used as such or together 
with a self-etching primer. The main components of 
currently used preparations (Table 12.7) are methylmeth- 
acrylate derivatives, which are mainly known from 
restorative dentistry. The sealers are self- or dual-curing. 
The latter sealers (e.g. Epiphany) are exposed to standard 
polymerization light, as in composite technology, in 
order to cure the coronal part of the sealer. Complete 
setting varies from 20min to 7 days (10). 

Some resin-based sealers are recommended to be used 
together with conventional gutta-percha cones. However, 
as these sealers may not adhere to gutta-percha, special 
points have been developed (see Table 12.7). Resilon is a 
thermoplastic copolymer of polycaprolactone and ure- 
thane methacrylate (10, 77). This material can be thermo- 
compacted similarly to gutta-percha. A chemical bond to 



the methacrylate-based sealers is looked for through the 
inclusion of dimethacrylates. Together with the corre- 
sponding sealer (Epiphany) a solid "mono-block" has 
been advertised. The formation of the mono-block is, 
however, questioned (72). Alternatively, resin-coated 
gutta-percha has been recommended to be used with 
such sealers (see Table 12.7). 

Technical properties/ leakage 

The technical properties of methacrylate-based sealers 
are mainly in accordance with relevant standards but 
one sealer (Epiphany) was outside the acceptable range 
for solubility and dimensional stability (91). Furthermore, 
the polyester cone material is susceptible to alkaline and 
enzymatic degradation via ester bond cleavage (86). In a 
clinical study, an apically extruded sealer (EndoREZ) 
was observed to be resorbed within 5 years; this shows a 
certain level of solubility, which may be advantageous in 
the case of overfilling but disadvantageous for canal 
sealing. 

For sealers with and without separate primers, resin 
tags in dentinal tubules and a hybrid layer were found 
rather consistently (Fig. 12.25) (47). However, such tubule 
penetration was even deeper with an epoxy resin sealer 
(Fig. 12.19) (51). Fewer tags were observed in the apical 
area compared to the middle or the coronal part of the 
root canal probably because of the smaller number of 
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Fig. 12.25 Tag formation in the root dentin after the application of a meth- 
acrylate-based sealer, but gap formation between the sealer and the polyester 
point. 



Fig. 12.26 Dislocation of resin coating on the gutta-percha point after root 
canal obturation. 



tubules in this area. Interestingly, the presence of tags 
did not exclude the existence of gaps (7). 

The tight bonding of the sealer with the two relevant 
interfaces (dentin and the cone) is challenged by several 
factors, one of them being the polymerization shrinkage 
of methacrylates during setting. This becomes even more 
problematic because the filler content, which partially 
compensates for monomer shrinkage, is comparatively 
low in order to guarantee adequate flow properties. 
Furthermore, in the root canal the amount of available 
free surface is very low. With an unfavorable ratio 
between free surface and bonded surface (configuration 
factor) (85) stress on the interface increases and may 
result in debonding and leakage (85). This may be com- 
pensated for by the slow polymerization time (72). 

Hydrolysis of the collagen fibrils may also challenge 
the stability of the bond between the sealer and the 
dentin. Owing to the long setting time of the sealers, the 
materials are prone to absorption of fluids from the 
dentin (e.g. through the hydrophilic primer). This mois- 
ture contamination may lead to the breakdown of the 
bond (72). Substances used for canal rinsing may also 
compromise the bond, e.g. NaOCl and H 2 2 , because 
polymerization is inhibited through the formation of an 
oxygen-rich dentin layer (72). Conflicting data are 
reported for chlorhexidine. Calcium hydroxide dressings 
have apparently no effect on the bond strength or on 
leakage (92). 

Although scanning electron microscopy studies ini- 
tially suggested a better seal of methacrylate-based seal- 
ers together with the respective cones (77), other studies 



showed gaps both between the sealer and the cone and 
the sealer and dentin (72). The amount of dimethacry- 
lates incorporated in the polyester cone may not be 
sufficient for an optimal coupling to the methacrylate 
sealer (84). 

Although initial leakage studies have been very prom- 
ising, in later bacterial (E. faecalis) and dye penetration 
studies methacrylate sealers leaked the same as or even 
more than AH26 used with gutta-percha for different 
application techniques; e.g. single cone or lateral con- 
densation (30, 47). Coating gutta-percha with resin or the 
use of special cones (polyester material) did not prevent 
gap formation or leakage (72). The resin coat may be dis- 
located by condensing techniques (Fig. 12.26). Some 
authors speculate that the application technique may 
play a major role (33), but conclusive information is not 
available. 

A reduced root fracture susceptibility after the applica- 
tion of these sealers/cones was shown in vitro compared 
to gutta-percha and AH26 (87). Again, this could not be 
supported by other studies (62) and the bond strength 
was inferior compared to AH26 (push-out test) (72). It 
was concluded that such sealers with the respective 
cones are unlikely to reinforce root canal strength (72). 

Biological properties 

In cell culture experiments and in implantation studies 
some sealers (Epiphany primer, sealer, EndoRez) and 
the Resilon points were severely cytotoxic (more cyto- 
toxic than AH26 and silicone-based sealers (48)); other 
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preparations (RC sealer) were only slightly cytotoxic (22). 
Toxicity of Epiphany decreased with increasing setting 
time (52). There are no data available on allergic reactions 
after the application of methacrylate-based sealers. 
However, it is known that patients may have developed 
an allergy to methacrylates. Obviously, such sealers must 
not be used in patients with a known allergy to one of 
the components of these sealers. There are data indicat- 
ing that one sealer (EndoREZ) is well tolerated in the 
periapical tissues of subhuman primates (49) and clinical 
results in a non-controlled study over 5 years were in the 
range of other sealers (99). However, the amount of 
available data is limited. The antibacterial properties of 
these materials are rather limited (72, 78). 

Handling properties 

Uniform application of a primer or an adhesive in root 
canals and removal of solvent are considered to be diffi- 
cult, especially in the apical third (72). Massive air blow- 
ing into the canal should generally be avoided and the 
use of paper point is not very effective (72). Special deliv- 
ery systems (e.g. microbrushes) are recommended for 
application of primers and sealers. 

Root canal fillings with methacrylate sealers and respec- 
tive cones can mechanically be removed just as root canal 
fillings with gutta-percha and epoxy sealers. The removal 
speed can be improved by heat or solvents (72). Flow, 
film thickness and radiopacity are sufficient. 



lation (MTA-Angelus) set slightly faster than the original 
gray MTA. When the cement powder is mixed with 
sterile water a silicate-hydrate gel is formed which sets 
to a hard mass releasing nascent calcium hydroxide. The 
pH is high during and shortly after setting, which for the 
original MTA takes about 3 hours (89). The long setting 
time may be disadvantageous in some situations because 
of the risk of washing out. On the other hand it may be 
advantageous in other situations as the material is able to 
set properly in moist environments (and needs moist 
environments in order to set properly). 

Technical properties/ leakage 

The compressive strength of MTA is about 40MPa after 24 
hours in contrast to the 52MPa of IRM, 60MPa of super 
EBA and 313 MPa of amalgam (89). After 3 weeks the com- 
pressive strength is similar to that of fortified ZnOE 
cements. The sealing efficacy against penetration of bacte- 
ria in microspaces between cement and tooth substance 
has shown better adaptation and less leakage of MTA 
compared to amalgam, IRM and SuperEBA (28). The ini- 
tial high sealing ability may be caused by a slight expan- 
sion during setting and it has been shown that an apical 
barrier of MTA can resist displacement during gutta- 
percha condensation (83). Three millimeters of MTA is 
suggested as the minimum amount for protection against 
microleakage in most cases, while 5 mm has been suggest- 
ed in the treatment of immature apices (63). 



Mineral trioxide aggregate (MTA) 

This cement was introduced in 1993, as a root-end filling 
material for sealing of communications between the root 
canal system and the periapical tissue (88). The cement, 
similarly to calcium hydroxide, supports hard-tissue 
repair at root ends as well of pulpal exposures and has 
therefore also been used for apexification in root-open 
teeth and for pulp capping and pulpotomy procedures 
(see also Chapters 4, 5 and 15). 

Composition 

MTA is based on Portland cement, which primarily con- 
sists of tricalcium silicate, dicalcium silicate, tricalcium 
aluminate and tetracalcium aluminoferrite (16). Sulfates 
in various amounts regulate working and setting time. 
The particles of MTA are smaller than in Portland cement 
and bismuth oxide is added to increase radiopacity. 
Variations in the composition of MTA cement have been 
marketed. A white formula of the original gray MTA has 
been developed because of claims of tooth discoloration 
when gray MTA (ProRoot original) was used for pulp 
capping and pulpotomy in anterior teeth of young 
people. The white MTA and another more recent formu- 



Biological properties 

Biocompatibility of MTA has been studied in cell culture, 
implantation in connective tissue or bone of animals and 
in some clinical and histological studies on humans (for 
review see 16, 63). In general MTA was less toxic than 
ZnOE preparations and freshly mixed material was more 
toxic than set. No significant difference was found 
between MTA and Portland cement. Results from all the 
in vitro and in vivo animal studies conclude that set MTA 
is well tolerated by the various cells and tissues. Similar 
results have been found in the moderate number of 
human studies of rather short duration. Thus, a high 
success rate has been demonstrated after root resections 
(17, 19) and root perforations (50). Following direct pulp 
capping a more solid bridge has been described with 
MTA compared to calcium hydroxide in a limited num- 
ber of studies on healthy pulps (53, 55). 

In primary teeth better outcomes after pulpotomies 
with MTA were found than following formocreosol 
treatment (61). Finally, in teeth with immature apices 
promising results with formation of an apical barrier 
have been reported (39). The hard-tissue inducing effect 
is not fully understood but the property may be attribut- 
ed to a stimulating effect on biological molecules impor- 
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tant for hard-tissue formation. Mutagenicity of MTA has 
not been shown (63) and reports of allergic reactions 
have so far not been published. 

Handling properties 

The material is rather difficult to place and the working 
time may be short. Special MTA Endo Carriers have been 
developed to facilitate placement and condensation. If 
the cement starts to harden during placement and if it is 
difficult to manipulate more water can be added to obtain 
a feasible plasticity. 



Technical properties/ leakage 

A gutta-percha containing silicone sealer expands slightly 
and thus leakage was reported to be less than for AH26 
with gutta-percha over a period of 12 months (43). 
Furthermore, this sealer allowed less fluid movement 
along a filled straight root than AH26 (9). However, other 
studies reported sealing of a silicone sealer to be equal to 
or even worse than for AH26 and not as effective as 
Grossman's sealer for filling simulated lateral canals (12, 
59). The wettability of AH26 is better than that of hydro- 
phobic silicone sealers. Thus, more load is needed for 
sufficiently wetting gutta-percha and dentin (44). 



Silicones 

Silicone was introduced in 1984 as a basis for root canal 
sealers. Recent preparations based on A-silicones show 
comparatively little leakage, are virtually non-toxic, but 
display no antibacterial activity. Clinical data are few but 
promising. 

Composition 

The first of those materials was based on C-silicones 
(condensation cross-linking silicones); newer materials 
are based on A-silicones (addition cross-linking). 
Recently, gutta-percha powder with a particle size of less 
than 30 urn has been introduced into a silicone matrix 
(polydimethylsiloxane). Silver particles have been added 
as preservative (10). Working time is 15min and setting 
time is 25-30 min. 



Biological properties 

No data for systemic toxicity and allergy are available. 
However, based on the composition of the material, 
neither of these adverse type reactions is to be expected. 
In contrast to older preparations based on C-silicones, 
those based on A-silicones were only slightly toxic or 
non-toxic in different cell culture and in implantation 
tests (Fig. 12.27) (10, 32). No antibacterial properties were 
found, e.g. on infected dentin (65). Current clinical expe- 
rience with silicone-based sealers is limited. 



Handling properties 

Silicone sealers are supplied in capsules and after mixing 
can easily be injected into the canal followed by the 
insertion of gutta-percha. The filling can be removed as 
with other sealers. 




Fig. 12.27 (a) Cell culture toxicity test on L929 mouse fibroblasts of an "A-silicone" root canal sealer. The cells are growing beneath the filter 
(circular gray area). A positive control (5% phenol), the freshly prepared sealer and the set sealer are placed on top of the filter in three different 
rings, (b) The cells beneath fresh and set material are not damaged, whereas all cells beneath the control are dead. RS = root sealer. (Courtesy of 
Dr D. 0rstavik.) 
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Materials for retrograde fillings (root-end 
fillings) and replantation 

It is normally agreed that placement of a retrograde fill- 
ing is necessary after root resection to create an apical 
seal and to permit regeneration of the periodontal liga- 
ment apparatus (19). Contrary to conventional root canal 
filling therapy, these materials are used in a surgical 
environment characterized by early moisture access and 
a bony defect. 

Several different materials have been used for root- 
end fillings, such as gutta-percha, composite resins, glass 
ionomers, amalgams, modified ZnOE cements and a 
polyketone sealer. MTAs and calcium phosphate cements 
are potentially applicable. Preformed titanium inlays in 
combination with standard ultrasonic preparation were 
recommended (cemented with a modified ZnOE 
cement), as well as ceramic inserts. Because of the poten- 
tial to release metallic components, especially mercury, 
into the surrounding tissue the classical material for root- 
end filling - amalgam - has been gradually abandoned 
and in a few countries it is not allowed to be used for this 
indication. Modified ZnOE cements, a polyketone sealer 
(thick consistency) used with or without metallic/ceramic 
inserts or a light-cured GIC were successfully used 
instead. However, reports on cementum deposition are 
equivocal. A resin composite has shown promising 
results in the hands of a single group and MTAs appar- 
ently have the potential to stimulate further apical heal- 
ing and thus may - after further clinical experience is 
gained - replace other materials for this purpose. 

Composition 

Most materials are the same as used for orthograde root 
filling and have been described previously in this chap- 
ter. A few materials are modifications and will be 
described briefly below. 

Modified and fortified ZnOE preparations are com- 
posed of: 60% zinc oxide, 34% alumina and 6% natural 
resin (powder); or 62.5% ortho-ethoxy benzoic acid and 
37.5% eugenol (liquid). Another frequently used cement 
contains 80% ZnO and 20% PMMA (polymethylmethac- 
rylate) in the powder, and the liquid is eugenol. These 
materials are preferably used for temporary fillings of 
the access cavity and for root-end fillings. 

Technical properties/leakage 

The good mechanical properties of amalgams were the 
reason for their widespread use in the past. Data reported 
on the marginal seal of amalgams are, however, contro- 
versial. A polyketone sealer and a GIC sealer were 
reported to produce a better seal than various amalgams. 



Good sealing ability of a light-cured GIC was reported, 
probably due to the fast setting and little moisture sensi- 
tivity. Modified ZnOE cements have also been shown to 
produce a good seal, as well as a composite resin. Mineral 
trioxide aggregate produced a better seal than amalgam, 
being the most effective root-end filling material against 
bacterial penetration in comparison with amalgam and 
two modified ZnOE sealers (28). 

Biological properties 

The group of materials used for root-end filling is rather 
heterogeneous. Much literature is available on real or 
claimed systemic-toxic effects, especially for composite 
resins and amalgams. The same is true for allergies. The 
reader is referred to textbooks on the subject (68). 
However, in general, there is no contraindication for the 
use of any of the mentioned materials due to systemic 
toxic or allergenic effects. In the single patient situation, 
materials must not be used that contain a substance to 
which the patient is sensitized. 

Cell culture experiments for local toxic effects show 
consistently that all setting materials used for root-end 
filling are cytotoxic immediately after mixing. In the set 
state, cytotoxicity decreases to different levels character- 
istic of each material. MTA is less cytotoxic than amal- 
gam, ZnOE or epoxy sealers (60). Implantation studies 
are available for all root-end filling materials, because 
they are used for other applications (e.g. filling tech- 
nique). In parallel with cell culture experiments, the local 
inflammatory reaction decreases with increased aging of 
the material. The same is basically true for antimicrobial 
properties. For details, see the paragraphs on the specific 
materials above. 

Of special clinical relevance are usage tests. Poor seal- 
ing properties, measured in animal experimentation 
(Key literature 12.3), are in line with the poor clinical 






Key literature 12.3 



In a study in dogs by Harrison and Johnson (34), root canals were 
obturated with a ZnOE material (IRM) or amalgam and then the root 
ends were resected. Orthograde fillings with gutta-percha/ZnOE sealer 
were used as controls. The test materials evoked no inhibition of 
osseous wound healing and cementum was present in contact with 
all materials after a 45-day observation period. However, Chong etal. 
(18) modified this test method: after artificial infection of root canals 
before the root resection and application of the root-end filling, 
amalgam caused persistent inflammation in the apical area at up to 
8 weeks. Better results were observed with a ZnOE material and a 
light-cured GIC. It was concluded that the poor sealing properties of 
amalgam were the main reasons for the negative test result and that 
in a corresponding clinical situation a ZnOE material or a light-cured 
GIC is recommended. 
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long-term prognosis of amalgam root-end fillings, as was 
reported by some authors (29). 

A polyketone sealer with and without tricalcium phos- 
phate (TCP) showed a preosteoid/cementoid-like matrix 
in direct and intimate approximation to the root-end fill- 
ing material in dogs after 60 days (96). A dentin-bonded 
resin composite (BIS-GMA/TEGDMA mixture) used in 
animals for root-end fillings without intentionally infect- 
ed canals evoked cementum coverage, indicating optimal 
tissue tolerance. However, if the root canal was infected, 
less favorable results were observed. The resin material 
hardly entered the apical cavity and thus provided only 
a superficial seal (2). 

Root-end fillings with MTA in animal teeth showed 
cementum coverage over the filling, whereas amalgam 
produced inflammation and no cementum layer on the 
material. MTA stimulates cytokine release from bone 
cells with the potential of actively promoting hard-tissue 
formation (90). 

Clinical data indicated inferior clinical success rates 
when amalgam was used compared with other materials 
(29). Further disadvantages are the potential of staining 
of the mucosa, scattering of particles during placement 
and corrosion. For modified ZnOE cements, good clini- 
cal results are reported over a period of up to 14 years 
(20). For composite resins only a few clinical studies have 
been published, but a clinical success rate of about 90% 
was reported recently (64). 

Handling properties 

Owing to the special surgical environment mentioned 
above, good handling properties are important. Whereas 
ZnOE, MTA (and amalgam) harden in a moist environ- 
ment, conventional GIC is susceptible to moisture and 
desiccation. Light-cured products may have certain 
advantages in this respect because of fast setting. It had 
been reported also that it is not easy to apply dentin 
bonding agents and a resin devoid of voids into a rather 
small apical cavity. Root-end filling materials should 
have a radiopacity greater than that of root canal filling 
materials. 



Mandibular nerve injuries 

These injuries after root canal filling therapy occur rather 
seldom in daily practice but they are dramatic in each 
case. At least four different pathogenic mechanisms have 
been proposed: 

• Instrumentation beyond the apex and mechanical 
severance. 

• Combined effect of regional analgesia and mechani- 



cal nerve damage. 



• Degeneration of the nerve due to the mechanical 
compression caused by filling the materials in the 
nerve canal. 

• Toxicity/neurotoxicity of the root canal filling material. 

Irreversible sensory nerve damage may involve frequent 
paresthesia, which constitutes altered sensation of pain, 
touch or temperature. Symptoms are the sensation of 
warmth, cold, burning, aching, prickling, tingling, pins 
and needles, numbness, itching and formication (feels as 
if ants are crawling on the skin) (54). In the endodontic lit- 
erature most cases have resulted from overfill of parafor- 
maldehyde-containing sealers in the vicinity of the inferior 
alveolar nerves. Long-term paresthesia of up to 13 years 
has been described. A survey of the literature in 1988 (14) 
showed that more than 40 cases of root canal cements 
associated with paresthesia of the inferior alveolar nerve 
had been reported in the previous two decades. Most of 
these patients had been treated with materials that con- 
tained (para)formaldehyde. The reaction of ZnOE sealers 
with the addition of formaldehyde was irreversible unless 
surgical treatment was performed. This is in line with data 
from in vitro experiments on different nerve tissues 
described above, which have shown an irreversible effect 
on nerve conductance from formaldehyde-releasing root 
canal sealers. Thus, there are indications that the material 
and especially the release of formaldehyde may play a 
major role in these injuries (14). 

There are also case reports on paresthesia after overfill 
of AH26, which was attributed to the short-term release of 
formaldehyde during setting. A 4-month paresthesia was 
reported to be eugenol induced. Another case caused by 
ZnOE was reversible. Six cases of paresthesia after overfill 
of gutta-percha/chloropercha were reported and the 
symptoms resolved after a maximum of 3 months (54). 

Single cases were reported for other root canal filling 
materials/techniques. Melted gutta-percha (thermo- 
mechanical compaction used with a calcium hydroxide- 
based sealer) was extruded into the mandibular canal 
causing severe nerve injury with persistent local pares- 
thesia (numbness and intermittent bouts of pins and 
needles in the lip and chin). A few days later the area of 
paresthesia was replaced by anesthesia. After surgical 
removal from the periapical area and from the nerve 
canal, anesthesia was replaced by paresthesia. The 
authors assume that the reason for this adverse reaction 
was the elevated temperature by which the gutta-percha 
was extruded out of the root canal (27). 

It can be concluded that with most of the currently 
used root canal filling materials, detrimental effects on 
local nerve tissues were observed when the root canals 
were dramatically overfilled and the local nerve fibers 
were involved. However, most cases are described in 
connection with formaldehyde-releasing sealers with 
long-lasting/irreversible damage to the nerve tissues. The 
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clinician should be aware of this situation and be familiar 
with preventive measures when choosing the root canal 
filling material. These are: 

• Appropriate treatment technique: to reduce the risk that 
the filling material is displaced beyond the apex and 
into the vicinity of the nerve. 

• Appropriate material selection: use root canal filling 
materials with the fewest possible (neuro)toxic 
effects. 



References 

1. Abdulkader A, Duguid R, Saunders EM. The antimicrobial 
activity of endodontic sealers to anaerobic bacteria. Int. 
Endod. J. 1996; 29: 280-3. 

2. Andreasen JO, Munksgaard EC, Fredebo L, Rud J. 
Periodontal tissue regeneration including cementogenesis 
adjacent to dentin-bonded retrograde composite fillings in 
humans./. Endod. 1993; 19: 151-3. 

3. Arenholt-Bindslev D, Horsted-Bindslev P. A simple model 
for evaluating relative toxicity of root filling materials in 
cultures of human oral fibroblasts. Endod. Dent. Traumatol. 
1989; 5: 219-26. 

4. Barnett F, Trope M, Rooney J, Tronstad L. In vivo sealing 
ability of calcium hydroxide-containing root canal sealers. 
Endod. Dent. Traumatol. 1989; 5: 23-6. 

5. Barthel CR, Moshonov J, Shuping G, 0rstavik D. Bacterial 
leakage versus dye leakage in obturated root canals. Int. 
Endod. J. 1999; 32: 370-5. 

6. Beck-Mannagetta J. Zinc and aspergillus. Oral Surg. Oral 
Med. Oral Pathol. Oral Radiol. Endod. 1996; 81: 138-40. 

7. Bergmanns L, Moisiadis P, De Munck J, Van Meerbeek B, 
Lambrechts P. Effect of polymerization shrinkage on the 
sealing capacity of resin fillers for endodontic use. / Adhes. 
Dent. 2005; 7: 321-9. 

8. Boiesen J, Brodin P. Neurotoxic effect of two root canal 
sealers with calcium hydroxide on rat phrenic nerve in 
vitro. Endod. Dent. Traumatol. 1991; 7: 242-5. 

9. Bouillaguet S, Shwa L, Barthelemy J, Krejci I, Wataha JD. 
Long term sealing ability of pulp canal sealer, AH-Plus, 
GuttaFlow and Epiphany. Int. Endod. J. 2008; 41: 219-26. 

10. Bouillaguet S, Wataha JC, Tay FR, Brackett MG, Lockwood 
PE. Initial in vitro biological response to contemporary 
endodontic sealers. /. Endod. 2006; 32: 989-92. 

11. Boxer MB, Grammer LC, Orfan N. Gutta-percha allergy in 
a health care worker with latex allergy. /. Allergy Clin. 
Immunol. 1994; 93: 943-4. 

12. Brackett MG, Martin R, Sword J, Oxford C, Rueggeberg 
FA, Tay FR, Pashley DH. Comparison of seal after obtura- 
tion techniques using a polydimethylsiloxane-based root 
canal sealer. /. Endod. 2006; 32: 1188-90. 

13. Bratel J, Jontell M, Dahlgren U, Bergenholtz G. Effects of 
root canal sealers on immunocompetent cells in vitro and 
in vivo. Int. Endod. J. 1998; 31: 178-88. 



14. Brodin P. Neurotoxic and analgesic effects of root canal 
cements and pulp-protecting dental materials. Endod. 
Dent. Traumatol. 1988; 4: 1-11. 

15. Brodin P, Roed A, Aars H, 0rstavik D. Neurotoxic effects 
of root canal filling materials on rat phrenic nerve in vitro. 
J. Dent. Res. 1982; 61: 1020-3. 

16. Camilleri J, Pitt Ford TR. Mineral trioxide aggregate: a 
review of the constituents and the biological preperties of 
the material. Int. Endod. J. 2006; 39: 747-54. 

17. Chong BS, Pitt Ford TR, Hudson MB. A prospective clini- 
cal study of mineral trioxide aggregate and IRM when 
used as root-end filling materials in endodontic surgery. 
Int. Endod. ]. 2003; 36: 520-6. 

18. Chong BS, Pitt Ford TR, Kariyawasam SP. Tissue response 
to potential root-end filling materials in infected root 
canals. Int. Endod. J. 1997; 30: 102-14. 

19. Christiansen R, Kirkevang L-L, Horsted-Bindslev P, 
Wenzel A. Randomized clinical trial of root-end resection 
followed by root end filling with mineral trioxide aggre- 
gate or smoothing of the orthograde gutta-percha root fill- 
ing - 1-year follow up. Int. Endod. J. 2009; 42: 105-14. 

20. Dorn SO, Gartner AH. Retrograde filling materials: a retro- 
spective success-failure study of amalgam, EBA, and IRM. 
/. Endod. 1990; 16: 391-3. 

21. El-Sayed F, Seite-Bellezza D, Sans B, Bayle-Lebey P, 
Marguery MC, Bazex J. Contact urticaria from formalde- 
hyde in a root canal dental paste. Contact Dermatitis 1995; 
33: 353. 

22. Eldeniz AU, Mustafa K, 0rstavik D, Dahl JE. Cytotoxicity 
of new resin-, calcium hydroxide- and silicone-based root 
canal sealers on fibroblasts derived from human gingival 
and L929 cell lines. Int. Endod. J. 2007; 40: 329-37. 

23. Eriksson AR, Albrektson T. Temperature threshold levels 
for heat-induced bone tissue injury: a vital-microscopic 
study in the rabbit. /. Prosthet. Dent. 1983; 50: 101-7. 

24. Ersev H, Schmalz G, Bayirli G, Schweikl H. Cytotoxic and 
mutagenic potencies of various root canal filling materials 
in eukaryotic and prokaryotic cells in vitro. J. Endod. 1999; 
25: 359-63. 

25. Esberard RM, Carnes DL Jr, del Rio CE. Changes in pH at 
the dentin surface in roots obturated with calcium hydrox- 
ide pastes. /. Endod. 1996; 22: 402-5. 

26. European Society of Endodontology. Quality guidelines 
for endodontic treatment: consensus report of the European 
Society of Endodontology. Int. Endod. J. 2006; 39: 921-30. 

27. Fanibunda K, Whitworth J, Steele JG. The management of 
thermomechanically compacted gutta percha extrusion in 
the inferior dental canal. Br. Dent. J. 1998; 184: 330-2. 

28. Fischer EJ, Arens DE, Miller CH. Bacterial leakage of min- 
eral trioxide aggregate as compared with zinc-free amal- 
gam, intermediate restorative material, and Super-EBA as 
a root-end filling material. /. Endod. 1998; 24: 176-9. 

29. Frank AL, Glick DH, Patterson SS, Weine FS. Long-term 
evaluation of surgically placed amalgam fillings. /. Endod. 
1992; 18: 391-8. 

30. Gernhardt CR, Kriiger T, Bekes K, Schaller HG. Apical 
sealing ability of 2 epoxy resin-based sealers used with 
root canal obturation techniques based on warm gutta- 
percha compared to cold lateral condensation. Quintessence 
Int. 2007; 38: 229-34. 



Root canal filling materials 217 



31. Geurtsen W, Leyhausen G. Biological aspects of root canal 
filling materials - histocompatibility, cytotoxicity, and 
mutagenicity. Clin. Oral. Invest. 1997; 1: 5-11. 

32. Gorduysus MO, Etikan I, Gokoz A. Histopathological 
evaluation of the tissue reactions to Endo-Fill root canal 
sealant and filling material in rats. /. Endod. 1998; 24: 
194-6. 

33. Gulsahi K, Cehreli ZC, Onay EO, Tasman-Dagli F, Ungor 
M. Comparison of the area of resin-based sealer and voids 
in roots obturated with Resilon and gutta-percha. /. Endod. 
2007; 33: 1338-41. 

34. Harrison JW, Johnson SA. Excisional wound healing fol- 
lowing the use of IRM as a root-end filling material. 
/. Endod. 1997; 23: 19-27. 

35. Heil J, Reifferscheid G, Waldmann P, Leyhausen G, 
Geurtsen W. Genotoxicity of dental materials. Mutat. Res. 
1996; 368: 181-94. 

36. Heling I, Chandler NP. The antimicrobial effect within 
dentinal tubules of four root canal sealers. /. Endod. 1996; 
22: 257-9. 

37. Hensten-Pettersen A, 0rstavik D, Wennberg A. Allergenic 
potential of root canal sealers. Endod. Dent. Traumatol. 1985; 
1:61-5. 

38. Hensten-Pettersen A, Jacobsen N. Perceived side effects of 
biomaterials in prosthetic dentistry. /. Prosthet. Dent. 1991; 
65: 138-44. 

39. Holden DT, Schwartz SA, Kirkpatrick TC, Schindler WG. 
Clinical outcomes of artificial root-end barriers with min- 
eral trioxide aggregate in teeth with immature apices. 
/. Endod. 2008; 34: 812-17. 

40. Hong YC, Wang JT, Hong CY, Brown WE, Chow LC. The 
periapical tissue reactions to a calcium phosphate cement 
in the teeth of monkeys. /. Biomed. Mater. Res. 1991; 25: 
485-98. 

41. Horsted P, Soholm B. Overfolsomhed overfor rodfyld- 
ningsmaterialet AH26. Tandlaegebladet 1976; 80: 194-7. 

42. Kielbassa AM, Uchtmann H, Wrbas KT, Bitter K. In vitro 
study assessing apical leakage of sealer-only backfills in 
root canals of primary teeth. /. Dent. 2007; 35: 607-13. 

43. Kontakiotis EG, Tzanetakis GN, Loizides AL. A 12-month 
longitudinal in vitro leakage study on a new silicon-based 
root canal filling material (Gutta-Flow). Oral Surg. Oral 
Med. Oral Pathol. Oral Radiol. Endod. 2007; 103: 854-9. 

44. Kontakiotis EG, Tzanetakis GN, Loizides AL. A compara- 
tive study of contact angles of four different root canal 
sealers. /. Endod. 2007; 33: 299-302. 

45. Kontakiotis EG, Wu MK, Wesselink PR. Effect of sealer 
thickness on long-term sealing ability: a 2-year follow-up 
study. Int. Endod. J. 1997; 30: 307-12. 

46. Langeland K, Liao K, Costa N, Pascon EA. Efficacy of 
Obtura and Ultrafil root filling devices. /. Endod. 1987; 13: 
135. 

47. Lin ZM, Jhugroo A, Ling JQ. An evaluation of the sealing 
ability of a polycaprolactone-based root canal filling mate- 
rial (Resilon) after retreatment. Oral Surg. Oral Med. Oral 
Pathol. Oral Radiol. Endod. 2007; 104: 846-51. 

48. Lodiene G, Morisbak E, Bruzell E, 0rstavik D. Toxicity 
evaluation of root canal sealers in vitro. Int. Endod. J. 2008; 
41: 72-7. 



49. Louw NP, Pameijer CH, Norval G. Histopathological eval- 
uation of a root canal sealer in subhuman primates. /. Dent. 
Res. 2001; 80: 654. 

50. Main C, Mirzayan N, Shabahang S, Torabinejad M. Repair 
of root perforations using mineral trioxide aggregate: a 
long term study. /. Endod. 2004; 30: 80-3. 

51. Mamootil, K, Messer, HH. Penetration of dentinal tubules 
by endodontic sealer cements in extracted teeth and in vivo. 
Int. Endod. J. 2007; 40: 873-81. 

52. Merdad K, Pascon AE, Kulkarni G, Santerre P, Friedman S. 
Short term cytotoxicity assessment of components of 
epiphany resin-percha obturating system by indirect and 
direct contact millipore filter assays. /. Endod. 2007; 33: 
24-7. 

53. Min KS, Park HJ, Lee SK, Park SH, Hong CU, Kim HW, 
et al. Effect of mineral trioxide aggregate on dentin bridge 
formation and expression of dentin sialoprotein and heme 
oxygenase-1 in human dental pulp. /. Endod. 2008; 34: 
666-70. 

54. Morse DR. Endodontic-related inferior alveolar nerve and 
mental foramen paresthesia. Compend. Contin. Educ. Dent. 
1997; 18: 963-78. 

55. Nair PNR, Duncan HF, Pitt Ford TR, Luder HU. 
Histological, ultrastructural and quantitative investiga- 
tions on the reponse of healthy human pulps to experi- 
mental capping with mineral trioxide aggregate: a 
randomized controlled trial. Int. Endod. J. 2008; 41: 128-50. 

56. 0rstavik D. Antibacterial properties of root canal sealers, 
cements and pastes. Int. Endod. J. 1981; 14: 125-33. 

57. 0rstavik D. Antibacterial properties of endodontic materi- 
als. Int. Endod. J. 1988; 21: 161-9. 

58. 0rstavik D, Mjor IA. Usage test of four endodontic sealers 
in Macaca fascicularis monkeys. Oral Surg. Oral Med. Oral 
Pathol. 1992; 73: 337-44. 

59. Ozok AR, van der Sluis LW, Wu MK, Wesselink PR. Sealing 
ability of a new polydimethylsiloxane-based root canal fill- 
ing material. /. Endod. 2008; 34: 204-7. 

60. Osorio RM, Hefti A, Vertucci FJ, Shawley AL. Cytotoxicity 
of endodontic materials. /. Endod. 1998; 24: 91-6. 

61. Peng L, Ye L, Tan H, Zhou X. Evaluation of the formocre- 
sol versus mineral trioxide aggregate primary molar pulp- 
otomy: a meta-analysis. Oral Surg. Oral Med. Oral Pathol. 
Oral Radiol. Endod. 2006; 102: 40-4. 

62. Ribeiro FC, Souza-Gabriel AE, Marchsan MA, Alfredo E, 
Silva-Sousa YT, Sousa-Neto MD. Influence of different 
endodontic filling materials on root fracture susceptibility. 
/. Dent. 2008; 36: 69-73. 

63. Roberts HW, Toth JM, Berzin DW, Charlton DG. Mineral 
trioxide aggregate material use in endodontic treatment: a 
review of the literature. Dent. Mat. 2008; 24: 149-64. 

64. Rud J, Rud V, Munksgaard EC. Periapical healing of man- 
dibular molars after root-end sealing with dentine-bonded 
composite. /. Endod. 2001; 34: 285-92. 

65. Saleh IM, Ruyter IE, Haapasalo M, 0rstavik D. Survival of 
Enterococcus faecalis in infected dentinal tubules after root 
canal filling with different root canal sealers in vitro. Int. 
Endod. J. 2004; 37: 193-8. 

66. Saunders EM. In vivo findings associated with heat genera- 
tion during thermomechanical compaction of gutta-percha. 



218 Endodontic Treatment Procedures 



Part I. Temperature levels at the external surface of the 
root. Int. Endodont. J. 1990; 23: 263-7. 

67. Saunders EM. In vivo findings associated with heat genera- 
tion during thermomechanical compaction of gutta- 
percha. Part II. Histological response to temperature 
elevation on the external surface of the root. Int. Endod. J. 
1990; 23: 268-74. 

68. Schmalz G, Arenholt-Bindslev D. Biocompatibility of Dental 
Materials. Berlin: Springer Heidelberg, 2009. 

69. Schmalz G. Die Gewebevertraglichkeit zahnarztlicher 
Materialien - Moglichkeiten einer standardisierten Prufung in 
der Zellkultur. Stuttgart: Georg Thieme Verlag, 1981. 

70. Schmalz G. Use of cell cultures for toxicity testing of dental 
materials - advantages and limitations. /. Dent. 1994; 22 
(Suppl. 2): S6-11. 

71. Schmalz G. Biological evaluation of medical devices: a 
review of EU regulations, with emphasis on in vitro screen- 
ing for biocompatibility. ATLA 1995; 23: 469-73. 

72. Schwartz RS. Adhesive dentistry and endodontics. Part 2: 
Bonding in the root canal system - the promise and the 
problems: a review. /. Endod. 2006; 32: 1126-34. 

73. Schweikl H, Schmalz G. Evaluation of the mutagenic 
potential of root canal sealers using the salmonella/micro- 
some assay. /. Mater. Sci. Mater. Med. 1991; 2: 181-5. 

74. Schweikl H, Schmalz G, Federlin M. Mutagenicity of the 
root canal sealer AHPlus in the Ames test. Clin. Oral. Invest. 
1998; 2: 125-9. 

75. Schweikl H, Schmalz G, Stimmelmayr H, Bey B. 
Mutagenicity of AH26 in an in vitro mammalian cell muta- 
tion assay. /. Endod. 1995; 21: 407-10. 

76. Shah PM, Chong BS, Sidhu SK, Ford TR. Radiopacity of 
potential root-end filling materials. Oral Surg. Oral Med. 
Oral Pathol. Oral Radiol. Endod. 1996; 81: 476-9. 

77. Shipper G, 0rstavik D, Teixeira FB, Trope M. An evalua- 
tion of microbial leakage in roots filled with a thermoplas- 
tic synthetic polymer-based root canal filling material 
(Resilon). J. Endod. 2004; 30: 342-7. 

78. Sipert CR, Hussne RP, Nishiyama CK, Torres SA. In vitro 
antimicrobial activity of Fill Canal, Sealapex, mineral triox- 
ide aggregate, Portland cement and EndoRez. Int. Endod. J. 
2005; 38: 539-43. 

79. Sjogren U, Hagglund B, Sundqvist G, Wing K. Factors 
affecting the long-term results of endodontic treatment. 
/. Endod. 1990; 16: 498-504. 

80. Sjogren U, Figdor D, Persson S, Sundqvist G. Influence of 
infection at the time of root filling on the outcome of end- 
odontic treatment of teeth with apical periodontitis. Int. 
Endod. J. 1997; 30: 297-306. 

81. Sonat B, Dalat D, Giinhan O. Periapical tissue reaction to 
root fillings with Sealapex. Int. Endod. J. 1990; 23: 46-52. 

82. Spangberg LS, Barbosa SV, Lavigne GD. AH26 release 
formaldehyde./. Endod. 1993; 19: 596-8. 

83. Stefopoulos S, Tsatsas DV, Kerezoudis NP, Eliades G. 
Comparative in vitro study of the sealing efficiency of 
white vs grey ProRoot mineral trioxide aggregate formulas 
as apical barriers. Dent. Traumatol. 2008; 24: 207-13. 



84. Tay FR, Hiraishi N, Pashley DH, Loushine RJ, Weller RN, 
Gillespie WT, Doyle MD. Bondability of Resilon to a 
methacrylate-based root canal sealer. /. Endod. 2006; 32: 
133-7. 

85. Tay FR, Loushine RJ, Lambrechts P, Weller RN, Pashley 
DH. Geometric factors affecting dentin bonding in root 
canals: a theoretical modeling approach. /. Endod. 2006; 32: 
85-6. 

86. Tay FR, Pashley DH, Yiu CK, Yau JY, Yiu-fai M, Loushine 
RJ, et al. Susceptibility of a polycaprolactone-based root 
canal filling material to degradation. II. Gravimetric evalu- 
ation of enzymatic hydrolysis. /. Endod. 2005; 31: 737-41. 

87. Teixeira FB, Teixeira EC, Thompson JY, Trope M. Fracture 
resistance of roots endodontically treated with a new resin 
filling material. /. Am. Dent. Assoc. 2004; 135: 868. 

88. Torabinejad M, Watson TF, Pitt Ford TR. Sealing ability of 
mineral trioxide aggregate when used as a root end filling 
material./. Endod. 1993; 19: 591-5. 

89. Torabinejad M, Hong CU, McDonald MS, Pitt Ford TR. 
Physical and chemical properties of a new root-end filling 
material./. Endod. 1995; 21: 349-53. 

90. Torabinejad M, Pitt Ford TR, McKendry DJ, Abedi HR, 
Miller DA, Kariyawasam SP. Histologic assessment of min- 
eral trioxide aggregate as a root-end filling in monkeys. /. 
Endod. 1997; 23: 225-8. 

91. Versiani MA, Carvalho JR, Padilha MI, Lacey S, Pascon EA, 
Sousa-Neto MD. A comparative study of physicochemical 
properties of AH Plus and Epiphany root canal sealants. 
Int. Endod. J. 2006; 39: 464-71. 

92. Wang CS, Debelian GJ, Teixeira FB. Effect of intracanal 
medicament on the sealing ability of root canals filled with 
Resilon./. Endod. 2006; 32: 532-6. 

93. Weiger R, Manncke B, Lost C. Antibakterielle Wirkung 
von Guttaperchastiften auf verschiedene, endodonto- 
pathogene Mikroorganismen. Dtsch. Zahnarztl. Z. 1993; 48: 
658-60. 

94. Weller RN, Koch KA. In vitro radicular temperatures pro- 
duced by injectable thermoplasticized gutta-percha. Int. 
Endod. J. 1995; 28: 86-90. 

95. Wennberg A, 0rstavik D. Adhesion of root canal sealers to 
bovine dentine and gutta-percha. Int. Endod. J. 1990; 23: 
13-19. 

96. Williams SS, Gutmann JL. Periradicular healing in response 
to diaket root-end filling material with and without trical- 
cium phosphate. Int. Endod. ]. 1996; 29: 84-92. 

97. Wu MK, Wesselink PR. Endodontic leakage studies recon- 
sidered: Part I. Methodology, application, and relevancy. 
Int. Endod. J. 1993; 26: 37-43. 

98. Wu MK, Wesselink PR, Boersma J. A 1-year follow-up 
study on leakage of four root canal sealers at different 
thicknesses. Int. Endod. J. 1995; 28: 185-9. 

99. Zmener O, Pameijer CH. Clinical and radiographical eval- 
uation of resin-based root canal sealer: a 5-year follow-up. 
/. Endod. 2007; 33: 676-9. 

100. Zmener O, Banegas G, Pameijer CH. Bone tissue response 
to a methacrylate-based endodontic sealer: a histological 
and histometric study. /. Endod. 2005; 31: 457-9. 



Chapter 13 

Root filling techniques 

Paul Wesselink 



Introduction 

Filling the instrumented root canal is the final step in the 
completion of an endodontic treatment. Regardless of 
whether the treatment was undertaken to remove a vital 
pulp (pulpectomy), a necrotic and/or infected pulp (root 
canal therapy) or a previous root canal filling (retreat- 
ment), the prime objective of the root filling is to prevent 
microbial organisms from entering, growing and multi- 
plying in the empty space that resulted from the instru- 
mentation procedure (Fig. 13.1). Root filling also serves 
as a wound dressing against which healthy periapical 
tissue can be laid down. 



Specific objectives 

After pulpectomy a wound surface remains that will not 
heal with epithelium as wounds do in other body sites. 
Such a wound surface is therefore constantly vulnerable 
to infection. Wound infection may be induced inadver- 
tently in conjunction with the treatment procedure, e.g. 
from improper rubber dam isolation or by bringing chips 
of carious dentin to the apical region of the root canal. It 
may also develop from entry of bacterial organisms from 
the oral environment after completion of the filling. The 
latter is known as coronal leakage and occurs along incom- 
pletely sealed canal spaces. Therefore, a hermetic and 
permanent seal of the wound surface is essential to allow 
proper healing after pulpectomy and to prevent bacterial 
elements from later accessing the periapical tissue if, for 
any reason, the coronal restoration breaks down. Core 




Fig. 13.1 Radiograph depict- 
ing optimal root canal fillings of 
a lower molar. (Courtesy of 
Dr A. Braun.) 



concept 13.1 summarizes the overall functions of a root 
filling. 

In the treatment of a tooth with an infected, non- vital 
pulp (i.e. root canal therapy), instrumentation and irriga- 
tion with a disinfecting solution will not always eliminate 
the microbial organisms. If such a root canal is left unfilled 
or improperly filled, residual organisms may continue to 
grow and multiply (Chapter 9). It needs to be recognized 
that microbial organisms require both space and nutri- 
tion for growth, therefore in root canal therapy the root 
filling has two additional objectives: 

1. To prevent nutritional elements from accessing the 
pulpal space along any entrance to the root canal, 
including apical foramina, accessory canals and the 
oral access cavity. 

2. To eliminate space for further growth of micro- 
organisms that may have survived the biomechanical 
preparation. 

Usually it is sufficient to block the portal of exit to the 
periapical tissue. However, lateral or accessory canals 
may also allow egress of bacterial elements to the peri- 
odontium. Therefore it is essential that the entire length 
of the instrumented canal becomes completely filled. If 
properly done this means that all portals of exit to the 
periodontal tissue will be sealed. The quality of root fill- 
ings in general is assessed from this aspect (see further 
below). 



Selecting a root canal filling material 

A variety of factors determines the choice of a root canal 
filling material. Although a primary requirement is to 
allow a complete fill of the instrumented root canal(s), it 
should also be biologically compatible because it will 
often be in direct contact with vital tissue. In other words, 
beside a variety of technical and physical demands, a 
root filling material should also satisfy the requirements 
that are requested from implant materials (Chapter 12). 

The most critical technical and physical requirements 
of a root filling material are: 
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Core concept 13.1 



The overall function of a root filling is to occupy the instrumented root 
canal space to allow proper healing of the periapical tissue. Specifically 
it attempts: 

(1) To prevent leakage of bacterial organisms, bacterial elements and 
nutritional elements from the oral environment to the root canal 
(coronal leakage). 



1. Stops coronal leakage 

2. Entombs surviving bacteria 

3. Stops influx of periapical tissue fluid 
and release of bacterial elements 



(2) To restrain growth of any surviving bacteria in dentinal tubules and 
uninstrumented parts of the root canal space. 

(3) To prevent release of bacterial elements in the other direction, i.e. 
from the root canal to the apical environment (apical leakage). 

(4) To prevent leakage of nutritional elements from the periapical 
tissue to the canal space. 




Ability to adapt to the shape of the canal. After cleaning 
and shaping, root canals may still harbor various 
irregularities that can allow space for bacterial growth. 
It has been shown that in many cases it is impossible 
to create a round and smooth root canal without 
removing so much of the inner root canal wall that 
the root structure is critically weakened. Therefore, to 
provide a seal, a root canal filling material should be 
able to fill these irregularities. 

Length control. A root canal filling material should 
allow a technique that keeps the entire material with- 
in the canal space. Extrusion of material to the peri- 
apical tissue compartment is undesirable because it 
may cause both cytotoxic and neurotoxic effects (7, 
29, 40). It may also produce a foreign body reaction 
(40). Furthermore, results of clinical outcome studies 
indicate that extrusion and overextension of root fill- 
ing material negatively influence the healing of the 
periapical tissue (12, 32). 

Safety. The material and the technique used for its 
application should be safe for the patient. The 
demand for biocompatibility has already been stated 
(see Chapter 12), but the technique should also not 
pose risks for root fracture, require overzealous 
instrumentation or cause damage to the periodontal 
ligament by, for example, detrimental temperature 
increases or extrusion of material. 



• Insoluble. Because of the risk for coronal leakage and 
the fact that root filling material may be exposed to 
percolation of tissue fluid at the apical foramen, it is 
important that it is not affected by moisture. Therefore, 
after setting, a root filling material should be insoluble 
in both saliva and tissue fluid. 

• Removable. A root filling may not be performed per- 
fectly at the first attempt or may turn out to be defec- 
tive at a follow-up. The outcome of a treatment may 
also be such that one suspects ongoing root canal 
infection. In these instances, retreatment and refilling 
of the root canal may be necessary (Chapter 20). The 
material used should, therefore, be removable by 
simple means without involving the risk of damaging 
the root structure or the apical tissue. 

• Radiopaque. In order to judge whether the root canal 
has been adequately filled, a most important require- 
ment is that the root filling is discernible in a radio- 
graph, i.e. it should be radiopaque. 

Hardly any root filling material so far developed has 
been able to satisfy all these demands. Yet a formulation 
based on gutta-percha as one of the principal ingredients 
has stood the test of time and has been widely used since 
the end of the 19th century. Although new core materials 
are under exploration it is still the material of choice in 
most countries. By pressure or by softening with heat or 
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organic solvent, gutta-percha is suitable for application 
in instrumented root canals using a variety of techniques 
(see further below). Combined with a sealing agent, the 
material can be adapted to the shape of root canals and 
serve as a reasonably insoluble and non-porous core of 
filling. At the same time, it is fairly easy to remove if 
necessary. Gutta-percha-based formulations also satisfy 



biological demands (Chapter 12). Because of the univer- 
sal use of gutta-percha in endodontics, techniques that 
are based on this material will mainly be considered in 
this chapter. 



Root filling techniques for gutta-percha 



Gutta-percha 



Solid core 

I 



Softened core 



Single cone Lateral Solvent Heat 

compaction i 

rn 

Various modes 
Fig. 13.2 Outline of techniques to fill root canals with gutta-percha. 



There are various methods for delivering and packing 
gutta-percha in root canals and they can be divided into 
solid core and softened core techniques (Fig. 13.2). Solid 
core techniques imply that unsoftened gutta-percha 
cones are fitted to the instrumented canal(s) (Fig. 13.3a) 
and cemented to the canal walls with a root canal sealer. 
Techniques exist whereby either a single cone or multiple 
cones are placed in the root canal space (Fig. 13.4). In 
softened core techniques gutta-percha is plasticized 
either prior to or after insertion in the root canal by 
solvent or heat. These techniques also often make use of 
a sealing agent to supplement the filling. 




Fig. 13.3 Outline of the lateral compaction technique, (a) Master cone fit. (b) Lateral compaction with spreader following addition of one accessory cone, 
(c) Continued lateral compaction, (d) Further addition of accessory cones. Root filling is complete when it is not possible to place another accessory cone further 
than 2 mm into the root canal. 
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Master cone 



Cement 




Master cone 



Cement 




Fig. 1 3.4 (a) Sketch showing a cross-sectional cut through a root canal filled with a master cone and multiple accessory cones. ( 
a true filling where the sealer (black material) unites the cones and fills out space laterally to the root canal wall. 



) The cross-sectional cut shows 



Gutta-percha cones 

For solid core techniques, gutta-percha cones of different 
lengths, sizes and shapes may be obtained. In general, 
cones are round and have a tapered form so they gradu- 
ally increase in size from the tip. So-called " standardized" 
cones were designed to match the size and taper of the 
root canal instruments used to shape the canal at its 
apical end. In early days these cones had a rather small 
taper of 2%, corresponding to the ISO standard of root 
canal instruments. Nowadays there are cones standard- 
ized to fit canals prepared with differently tapered 
instruments. Hence, there are cones with 4% and 6% 
tapers. "Conventional" cones are also available; these are 
not standardized and are classified as fine, medium and 
large. 

Root canal sealers 

Unsoftened gutta-percha does not adhere to dentin and 
softened gutta-percha may shrink after cooling as a result 
of being heated or from evaporation of the solvent used, 
thus leaving gaps between the material and the root 
canal walls (50). Naturally such defects may allow either 
coronal or apical leakage, or both, to cause or maintain 
apical periodontitis. It is, therefore, considered necessary 
to use a cement or sealer that forms a tight connection 
between the gutta-percha and the root dentin. In general, 
it is believed that this layer should be as thin as possible 
because, upon setting, sealers may shrink and dissolve in 
a moist environment (20). 



This has led to the development of gutta-percha tech- 
niques that aim to create a filling consisting of a well- 
adapted mass of gutta-percha with a thin layer of root 
canal sealer between the gutta-percha and the root 
dentin. In this respect, consideration is similar to that 
with cast restorations, where well-fitting margins are 
created to leave as little cement as possible between the 
metal and the tooth structure. 

As a general trait, but to a varying extent, root canal 
sealers in the initial setting phase are cytotoxic and 
bacteriotoxic. Although most sealers become substantial- 
ly less bioactive thereafter (29, 45), as little contact as 
possible with the apical pulp tissue or periapical tissue is 
desirable. In particular overfilling of sealer material 
should be avoided. There are several reasons for this 
view: 

1. As well as being initially cytotoxic, all root canal 
sealers may potentially elicit allergic reactions (15). 
Although animal and clinical observations indicate 
that sensitization via the root canal occurs rarely, it is 
occasionally reported (13, 19, 21). 

2. Root canal cements in contact with nerve tissue, e.g. 
when inadvertently extruded into the mandibular 
canal, may cause anesthesia and long-lasting 
paresthesia as well as severe and long-lasting pain (7, 
27, 41). 

3. Although sealer material may be dissolved and 
resorbed over time (25), components of sealer material 
may be found in the periapical tissue many years 
after filling, where it causes ongoing phagocytic reac- 
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tions (32). Root filling material also may be found in 
several peripheral organs (11). 

Currently used root canal sealers may be divided into 
four groups: 

• zinc oxide-eugenol based; 

• resin based; 

• dentin-adhesive materials; 

• materials to which medicaments have been added. 

The benefits, uses and problems of each are discussed 
below and summarized in Core concept 13.2. For a more 
detailed description of these materials, the reader is 
referred to Chapter 12. 

Zinc oxide-eugenol-based sealer 

Once zinc oxide-eugenol materials set, they form a weak 
porous product that is decomposed in tissue fluids over 
time (25, 44, 46). Nonetheless, these materials are regard- 
ed to be clinically satisfactory (28). Practically all zinc 

Core concept 1 3.2 Properties of different sealers 



Zinc oxide-eugenol-based sealers 

Reasonable seal 
Dissolve in fluids 
Long-lasting cytotoxicity 
Sensibilization 

Resin-based sealers 

Good seal 

Initial cytoxicity 

Once set, biocompatible 

Allergenic 

Gutta-percha-based sealers 

Moderate seal 
Initial cytotoxicity 
Shrinkage 
Plasticize gutta-percha 

Dentin-adhesive sealers 

Good seal 
Set very quickly 
Good biocompatibility 
Difficult to remove 

Formaldehyde-containing sealers 

Zinc oxide-eugenol based 
Severe long-lasting cytotoxicity 
Sensibilization 

Calcium hydroxide-containing sealers 

Release calcium hydroxide, which may result in disintegration 
Once set and integrity is maintained, no calcium hydroxide leaches 
out and no effect can be expected 
Initial antibacterial effect 
Risk of dissolution over time 



oxide-eugenol sealers are cytotoxic and the response 
may be more long lasting compared to that of most other 
sealers owing to release of free eugenol upon gradual 
hydrolysis (29). Potential for sensitization exists (13, 15). 
Zinc oxide-eugenol cements are commercially available 
as Hermetic, Tubliseal, Procosol, Roth's sealer and Kerr 
pulp canal sealers, and form the basis of many medica- 
ment-containing sealers. 

Resin-based sealers 

Well-known resin-based materials are AH26, AHPlus 
and Diaket. Both AH26 and AHPlus consist of an expoxy 
resin. They are thin fluid materials that set slowly. The 
long setting time may sometimes be an advantage 
because it gives sufficient time to correct deficiencies in 
the root canal filling that were noticed at the postopera- 
tive radiographic check. Diaket is a mixture of vinylpo- 
lymerizates that sets rapidly within minutes, which 
makes it less suitable in techniques that require some 
working time. 

These resin-based sealers elicit an initial severe inflam- 
matory reaction that subsides in subsequent weeks and 
thereafter becomes well tolerated by the periapical 
tissues (28, 29). However, the sealer AH26 has been 
shown to have both a strong allergenic and a mutagenic 
potential (15, 26) and contact allergy to this material has 
been reported (16). 

Sealer based on silicon, e.g. RSA Roekoseal, GuttaFlow, 
is a recent development. The advantage of this material 
is volume stability and biocompatibility. One product, 
RSA Roekoseal, a polydimethylsiloxane, appeared to seal 
straight canals well in vitro with a single gutta-percha 
cone even after a long-term exposure to water (51). 
Another product, GuttaFlow, has the same composition 
as RoekoSeal except for additions of gutta-percha 
(<30um) and nanosilver particles for radiographic con- 
trast. It has been introduced to the market as the first 
non-heated, flowable gutta-percha that, unlike heated 
gutta-percha, does not shrink. A recent evaluation of its 
sealing capacity seemed not very favorable (30) but its 
toxicity appeared low (6). 

Dentin-adhesive materials 

Adhesive cements have been tested as root canal filling 
material in an attempt to improve the sealing quality of 
sealers. Cyanoacrylate, calcium phosphate, polycarboxyl- 
ate and glass ionomer cements have all been explored. 
Of these, only glass ionomer cements have been widely 
marketed (Ketac-Endo, Endion). Although appearing 
favorable in biocompatibility tests and in long-term clini- 
cal follow-up studies, the materials have never gained 
great popularity. Likely reasons are short setting time 
(20) and difficulty of removal for retreatment. 
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Recently, new dentin-adhesive root canal cements 
have been introduced to enhance the bond between the 
core material of gutta-percha and the root canal walls. 
Examples are Endo-Rez and Epiphany, which are resin- 
based materials with hydrophilic properties. Epiphany 
may also be combined with a synthetic polymer-based 
root canal filling material (Resilon) in the Epiphany- 
Resilon system. Resilon mainly consists of polymers of 
polyesters (polycaprolacton) and bioactive glass, giving 
this material physical properties similar to those of gutta- 
percha. This means that it can be used cold or plasticized 
by heat. While a promising development, research 
documentation has so far primarily been based on in 
vitro and animal studies observing sealing capability (1, 
37-39) and biocompatibility aspects (5, 6). Independent 
clinical research has yet to show superiority of these 
materials to traditional products with gutta-percha as 
the core material. 

Materials to which medicaments have been added 

These materials may be divided into two groups: 

1. Materials based on the inclusion of strong disinfec- 
tants and/or antiphlogistic agents to suppress possible 
postoperative pain. 

2. Materials based on calcium hydroxide. 

In the first group the added disinfectant is paraform- 
aldehyde and the anti-inflammatory component is often 
a corticosteroid. Examples of brands in this category of 



sealers are Endomethasone, N2, Spad and Rocanal. If 
deposited in the periapical tissue, these filling materials 
may give rise to severe inflammatory reactions and thus 
do not satisfy the requirement for biocompatibility (24, 
31). Paraformaldehyde also elicits allergic reactions (10) 
and, as mentioned above, strong neurotoxic effects, if 
extruded near the mandibular nerve. 

Calcium hydroxide is known to incite the formation 
of hard tissue at the foramen and therefore has been 
incorporated as an active component in several root 
canal sealers. The most popular commercial calcium- 
hydroxide-based cements are calciobiotic root canal 
sealer (CRCS, a zinc oxide-eugenol-based sealer), 
Sealapex (a polymeric resin-based sealer) and Apexit 
(a colophonium-based salicylate resin). 

In vitro leakage studies have shown their sealing ability 
to be similar to that of zinc oxide-eugenol cements or 
slightly less favorable in the long run (20). The latter 
observation supports the concern that during long-term 
exposure to tissue fluid, calcium hydroxide may leach 
out of the cement, which may result in a loss of root 
filling integrity (43, 52). 



Root filling techniques employing 
gutta-percha and sealer 

Techniques for filling root canals with gutta-percha can 
be divided into solid core and softened core techniques 
(Core concept 13.3). 



Core concept 13.3 Root filling techniques 



Solid core techniques 

Single cone 

- Simple 

- Quick 

- Good length control 

- Round standard preparation required 
Lateral compaction 

- Good length control 

- Not one compact mass of gutta-percha 

- Time-consuming technique 

- Supposed risk of root fracture 

Softened core techniques 

Warm lateral compaction 

- Moderate length control 

- Time-consuming technique 

- Heat may damage periodontium 
Warm vertical compaction 

- Poor length control 

- Sealer extrusion 

- Heat may damage periodontium 



Injection-molded gutta-percha 

- Quick technique 

- Poor length control 

- Heat may damage periodontium 
Thermomechanical compaction 

- Quick technique 

- Poor length control 

- Heat may damage periodontium 

- Instrument fracture risk 
Core carrier 

- Quick technique 

- Sealer extrusion 

- Gutta-percha may be stripped off carrier in curvature 

- Difficult to remove for retreatment 

- In combination with posts, inconvenient technique 
Chloroform-resin 

- Quick technique 

- Potential health hazard effects on dental personnel with long-term 
use 
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Solid core techniques 

Whether a single cone or multiple cones (lateral compac- 
tion; Fig. 13.3a-e) are used, the most important step in 
solid core methods is to select and fit a cone (point) of 
gutta-percha to the apical 3-4 mm of the canal walls. This 
cone is often referred to as the master cone. It is critical 
that the fitting procedure is given considerable attention, 
because the cone should fit tightly to the apical portion 
of the root canal. 



Single cone 

The single-cone technique consists of matching a cone to 
the prepared canal. For this technique a type of canal 
preparation (Chapter 11) is advocated so that the size of 
the cone and the shape of the preparation are closely 
matched. When a gutta-percha cone fits the apical por- 
tion of the canal snugly, it is cemented in place with a 
root canal sealer. 

Although the technique is simple, it has several disad- 
vantages and cannot be considered as one that seals 
canals completely. After preparation, root canals are sel- 
dom round throughout their length, except possibly for 
the apical 2 or 3 mm. Therefore, the single-cone tech- 
nique, at best, only seals this portion. In vitro research has 
shown that the single-cone technique permitted signifi- 
cantly more dye penetration than other techniques (2, 4) 
(see also Advanced concept 13.1). 

Lateral compaction 

In lateral compaction techniques additional secondary 
points are inserted and compacted laterally around 
the master cone to reduce the thickness of the sealer 
layer (Figs 13.3 and 13.4). In this technique, after cement- 
ing the master cone in position, specially designed 
spreaders - long, tapered, pointed instruments - are 
placed in the canal as far apically as possible and the 
master cone is laterally compacted against the wall. Next, 
the spreader is removed and the first auxiliary point 
forced fully into place. The canal is filled in this way until 
it is not possible to place another accessory cone further 
than 2-3 mm into the root canal. Excess gutta-percha is 
then removed with a heated instrument at the canal 
orifice and final compaction is completed by vertical 
pressure with a plugger or condensor - an instrument 
with a flat apical tip. 

The advantage of the lateral compaction technique in 
comparison with the single-cone technique is that it 
reduces the amount of sealer left in the canal. Because 
the relation between the butt end of the cones and the 
reference point of the preparation can be monitored dur- 
ing the filling procedure, the length control of the filling 
is quite good and usually no filling material is extruded 



beyond the foramen. The seal is good in comparison 
with other techniques (47). 

The disadvantage of the lateral compaction method is 
that the root filling consists not of a homogeneous mass 
of root filling material but rather of a large number of 
individual points tightly pressed together and joined by 
the frictional grip of the cementing substance (Fig. 13.4b). 
In spite of this criticism, the technique has been used for 
many years with considerable success and appeared 
clinically to be an improvement over the single-cone 
technique (17). 

Softened gutta-percha techniques 

In an attempt to overcome the deficiencies of the cold 
lateral compaction technique, heat and solvents have 
been applied to render gutta-percha plastic. Gutta-percha 
is then compacted to create a homogeneous root canal 
filling of greater density throughout the canal than solid- 
core techniques can provide. 

In recent years several modes of utilizing heat have 
been developed to soften gutta-percha. In principle, heat 
softening can be carried out inside the root canal or out- 
side: the latter in the form of injecting preheated gutta- 
percha and the former by applying heat after insertion of 
unsoftened cones. These techniques will be described in 
some detail. 

Techniques employing heat inside the canal 

Warm lateral compaction: This technique evolved as a com- 
promise between lateral compaction of cold gutta-percha 
and the vertical compaction of warm gutta-percha (see 
below). The technique is similar to lateral compaction of 
cold gutta-percha but here a heated spreader is initially 
advanced into the mass of gutta-percha cones placed in 
the canal (Fig. 13.5). Following its removal a cold spreader 
is inserted, and the space thus obtained is filled up with 
accessory cones. The process is repeated until the canal is 
completely filled. Originally, it was advised to insert a 
heated spreader after every accessory cone. In practice, 
the gutta-percha mass is usually heated after every three 
to four accessory cones and the compaction is continued. 
There are devices in which the spreader is heated electri- 
cally in a few seconds and thereafter quickly cools down 
again (e.g. Touch 'n Heat, System B). The advantage of 
warm lateral compaction is that it leads to a homoge- 
neous mass that, in vitro, permitted significantly less 
leakage than cold lateral compaction (19). A distinct dis- 
advantage is that the softening of the gutta-percha may 
lead to overextension of root filling material. 

Warm vertical compaction: The objective of this technique 
is to obliterate the canal with a filling material softened 
by heat and packed with sufficient vertical pressure to 
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Advanced concept 13.1 Leakage tests 



Randomized, controlled, clinical studies that compare the efficacy of 
various root filling materials and techniques as to their ability to pro- 
mote a successful outcome of endodontic therapy are virtually lacking. 
Therefore, to select the material and method, results of in vitro leakage 
tests are often claimed. Although having limited clinical value perse, 
they contribute important information alongside biocompatibility test- 
ing (Chapter 1 2). A common denominator for these methods, which are 
described below, is that extracted teeth are employed that have been 
instrumented and filled with the materials and techniques to be 
tested. 

Dye penetration 

After filling, either the coronal portion or the root tip is exposed to a dye 
that will penetrate any voids in and around the root filling. After the dye 
exposure, either transverse or longitudinal sections of the roots are cut 
at different levels, or the teeth are demineralized and cleared with 
chemicals. The length of dye penetration along the root filling is a mea- 
sure of leakage around the filling. 

An advantage of this technique is that it is a relatively simple and 
inexpensive way to acquire preliminary evaluation of the sealing quality 
of a root filling. A disadvantage is that it does not provide a quantitative 
evaluation because it gives no information about the volume of leakage 
and the size of the void. Entrapped air in the voids, furthermore, may 
hinder penetration of dye into the void, giving an underestimation of its 
length (49). Also, the method leads to destruction of the specimens 
studied, making an evaluation of the same root filling at several time 
periods impossible. Some filling materials may discolor the dye, result- 
ing in an underestimation of the leakage. 

Microbial penetration 

A coronal and an apical reservoir are attached to the tooth containing 
the root filling. The coronal reservoir is filled with a bacterial suspension 
and the apical container holds culture medium. If bacteria or micro- 
organisms pass along the root filling, they will reach the apical reservoir 
and result in growth turbidity of the medium (42, 48). An advantage of 
this technique is that bacterial leakage is measured, which may seem 
more relevant biologically than small dye particle leakage. The disad- 
vantage is that this system requires considerable attention in order to 
prevent contamination. It is not quantitative because even one bacteri- 
um will result in growth. Whether a bacterium passes along a filling in 
10 or 20 days does not really give an indication about the difference in 
quality of these fillings. Only complete voids from crown to apex can be 
detected. 
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Tested root 
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Fluid transport 

Tubes filled with water are attached at both ends. At one end the water 
is applied under pressure. At the other end, a fine glass capillary tube is 
attached that contains a small air bubble to measure fluid transport, if 
any, as indicated by movement of the air bubble. The method is simple 
and inexpensive. It gives quantitative data and allows the leakage pat- 
tern to be followed over time, because the specimen is not destroyed 
during the evaluation process (48). The disadvantage is that it only 
detects voids that run from crown to apex, with dead-end tract or cul- 
de-sac voids not being detected. 
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force it to flow into the root canal system, including 
accessory and lateral canals. A non-standardized master 
cone is selected and adjusted so that it is loose in the cor- 
onal and the middle third, fits to the apical terminus of 
the preparation and is snug in its apical extent. The canal 
is lightly coated with sealer. The cone is plasticized with 
a hot instrument. Next, the soft gutta-percha is compact- 
ed with a cold plugger in an apical and lateral direction. 
Devices such as the System B Heat Source are avail- 
able to simplify the down-pack of gutta-percha. This 
system, often described as the continuous wave technique 
(23), has the advantage that the tip of the instrument acts 



as a heat carrier and cold plugger at the same time. The 
tip of the plugger maintains a temperature of 200°C 
throughout the down-pack procedure, permitting a 
smooth continuous progression of the plugger to a depth 
just shy of the apical terminus. The coronal portion of 
the canal is then backfilled with small segments of 
warmed gutta-percha, or an additional cone is compacted 
with the System B. Backfilling is facilitated by using a 
gutta-percha injection technique. For this a special 
instrument has been designed in which the instrument 
to plasticize gutta-percha in the canal is combined with a 
gutta-percha injection syringe (e.g. BeeFill 2inl). 
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Fig. 13.5 

instrument. 



Demonstration of gutta-percha compaction with a hot 



The advantage of the warm vertical compaction tech- 
nique is that it results in a homogeneous mass of gutta- 
percha, well-adapted to the canal wall, that requires a 
minimum of sealer. The disadvantage is that the tech- 
nique almost consistently leads to extrusion of filling 
material. 

Thermomechanical compaction: In this technique gutta- 
percha is plasticized by frictional heat and inserted by 
means of a compactor that forces the material apically. 
The compactor is an engine-operated instrument resem- 
bling a Hedstrom file, but with the blades directed 
toward the blunt-tipped end, and operates on the princi- 
ple of the reverse turning screw (Fig. 13.6). The technique 
with which this method gives best results is different 
from the original one suggested, where only one cone 
slightly larger than the master apical file and a compactor 
of the same size as the master apical file were used. To 
improve the reliability of the technique, thermomechani- 
cal compaction has been used following lateral compac- 
tion of the apical part of the canal (hybrid technique). 




The advantage is that it is a very fast technique leading 
to a compact mass of gutta-percha that, in wide canals, 
resulted in less leakage than lateral compaction (18). The 
disadvantage is that the technique requires a lot of 
practice to get consistent results. In inexperienced hands, 
instrument fracture, extensive extrusion or poorly com- 
pacted fillings may occur. If the instrument is used by 
accident, when rotating clockwise it may perforate the 
foramen and fracture, leaving part of the instrument in 
the periapex. 

Techniques employing heat outside the canal 

Injection technique: Gutta-percha is thermoplastically 
molded and ejected out of a needle into the canal. The 
Obtura system (Fig. 13.7) uses a pressure syringe in 
which the gutta-percha is warmed to 200°C and expressed 
into the canal through a needle as fine as 25 gauge 
(0.5mm diameter). The gutta-percha leaves the needle at 
approximately 70°C. 

Pluggers are prefitted to ensure that they match the 
middle portion of the canal while not contacting the 
dentin wall. A small amount of root canal cement is 
wiped along the canal wall and gutta-percha is passively 
injected into the root canal. In 5-10 s the softened gutta- 
percha will fill the apical segment and begin to push the 
needle out of the root. During this lifting by the softened, 
flowing mass, the middle and the coronal portions of the 
canal are continuously filled until the needle reaches the 
canal orifice. Compaction of the material follows to adapt 
the gutta-percha to the canal walls. 

A slightly different delivery system, BeeFill 2inl 
(Fig. 13.7), has a cartridge with gutta-percha is heated in 
a specially designed heating device. The injection tech- 
nique is used as the sole technique to fill the canal but is 
also frequently applied for the so-called back-pack phase 
of vertical compaction once the apical fill has been prop- 
erly compacted. 




Fig. 1 3.6 Profiles of a compactor (top) and a Hedstrom file (bottom). 



Fig. 13.7 Two commonly used devices to provide thermoplastic gutta-per- 
cha for injection: Obtura system (left) and BeeFill 2in1 (right). 
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Advantages of the injection technique are similar to 
those of warm vertical compaction. It also is useful in 
wide canals with an apical stop (Fig. 13.8) and in cases of 
internal resorption (Fig. 13.9). 

The disadvantage is the difficulty of controlling the 
level of the root filling, with a possible under- or overfill 
as a result. Shrinkage of the gutta-percha during cooling 
may cause voids, which may make it necessary to use 
continuous compaction with pluggers during the cool- 
ing phase. For this reason a segmental filling technique 
where small portions are injected and compacted with 
pluggers is advocated. 

Core carrier technique: A metal or resin core coated with 
gutta-percha is used (Thermafil, Soft core) (Fig. 13.10). 
After root canal preparation the correct size of the cone is 
selected and heated in a special oven for 45 s. After heat- 
ing, the cone is pushed with pressure into the canal that 
is coated with sealer. Next, the coronal part is removed 
from the core that remains in the canal and the gutta- 
percha is then compacted in the canal orifice with a hand 
plugger. 

The advantage of this technique is that, once the cone 
is properly heated in the oven with this system, the canal 
can be well obturated in all its dimensions within a short 
time. So far, this system has been evaluated only in vitro 
and it seems reasonable to assume that at least in straight 
canals the technique is about as good as lateral compac- 
tion of gutta-percha (3). 

The disadvantage of the system is that, especially in 
curved canals, there is a risk for gutta-percha to be 
stripped off, thus, the core material will only become 





cemented apically (14). In almost all studies it appeared 
that, just as with most of the other warm gutta-percha 
techniques, sealer is extruded beyond the apical 
foramen (3). 

Warm gutta-percha techniques - concluding 
remarks 

Although dentin is a good insulator, concern exists as to 
whether the high temperatures generated with warm 
gutta-percha techniques are damaging to the periodontal 
ligament. In vitro the temperature rise at the root surface 
may be as high as 15-30°C (23). In animal experiments 
root resorption and ankylosis have been observed with 
these techniques (34). 

The warm gutta-percha techniques have much to 
commend them and undoubtedly the resultant root 
filling appears to be homogeneous and, from radio- 
graphs, seems to fill the root canal space well. Yet there is 
no evidence to show that these techniques result in 
higher clinical success than, for example, cold lateral 
compaction. So far, in vitro studies have not answered 
the question as to which of these techniques results in 
the least leakage (47). 



Fig. 1 3.8 (a) MTA filling carried out to obtain an apical stop in a traumatized 
incisor, (b) The remaining coronal canal space has been filled with injectable 
thermoplasticized gutta-percha. 




Fig. 13.9 Internal resorption of a root canal filled with injectable thermo- 
plasticized gutta-percha. 
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Fig. 13.10 The principle for the core carrier technique: (a) uncoated and 
gutta-percha-coated cores; (b) a cross-sectional cut of two filled canals with 
the core material in the middle. 



Although it is reasonable to see the smear layer as a 
weak link, which should be removed to allow better 
adherence of the root filling to the root canal walls (35), 
studies are contradictory as to whether removal of the 
smear layer reduces leakage of fluid and bacterial 
elements along the root filling (33, 36, 37). To remove the 
smear layer, irrigation with EDTA (15%) or citric acid 
followed by a sodium hypochlorite flush seems to be 
effective (35, Chapter 9). 

Drying canal 

It is critical that, prior to root filling, the canal is com- 
pletely evacuated of irrigation solution to allow good 
adaptation of the filling material. This is accomplished 
most easily by aspiration with a syringe, followed by 
drying with one or two paper points to the full working 
length. It may be necessary to measure up the paper 
points so that they are not extruded into the apical tissue, 
where they may cause bleeding or where fragments may 
be left to cause a foreign body reaction. The last point 
should not show signs of fluid present after its removal. 
It is important to note that if tips continue to be wet by 
bleeding or exudation, root filling should be postponed 
and the canal dressed temporarily (Chapter 9). To elimi- 
nate moisture 90% alcohol is often used but the efficacy 
of this extra procedure has not been confirmed. 



Techniques employing solvent 

Chloroform-resin technique: This is a method based on 
softening the master gutta-percha cone in chloroform for 
a few seconds prior to insertion. The master cone then 
should be cut approximately 2 mm short of the working 
length and is moved to length by a slight pumping 
movement. Six percent resin in chloroform is used as a 
sealing agent in the canal. This technique is not com- 
monly practiced any longer, primarily owing to the 
alleged risk for shrinkage of the root filling after evapora- 
tion of the softening agent and the potential carcino- 
genecity of chloroform (Chapter 12). 



Procedures prior to root canal filling 

Smear layer removal 

The instrumented dentin surface of the root canal interior 
will be covered with a debris layer that sticks to its under- 
lying structure and consists of (pre) dentin, pulpal rem- 
nants and, in previously infected root canals, microbial 
elements. Its presence may jeopardize a proper seal of 
the root canal space. 



Sealer placement 

Because a thin layer of sealer between the gutta-percha 
and canal wall is preferred, it seems desirable to coat the 
complete canal wall with sealer prior to applying the 
core material. Generally, it is recommended that a file be 
used that is one size smaller than the last instrument 
used for enlargement and set just short of the working 
length. A small amount of sealer is gathered on the blades 
of the instrument, which is carried up by rapidly "twirl- 
ing" the handle counter-clockwise. The procedure is 
repeated until the canal appears to be coated liberally 
with cement. The point itself is "buttered" in cement and 
slowly passed into the root canal, allowing time for the 
cement to flow back in a coronal direction. Sealers may 
also be placed with a lentulo needle or bidirectional 
spiral whereupon a dry paper point removes excess 
sealer from the canal. Sealer extrusion occasionally occurs 
with this technique. 



Assessing root filling quality 

After completion of the root filling procedure the quality 
of the fill should be checked radiographically with 
regard to the extent the instrumented canal was filled. 
An acceptable fill should reach the working length, as 
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indicated by the trial file, and completely fill the canal 
space over its entire length (Core concept 13.4). Proper 
assessment is often difficult in an orthogonal view, there- 
fore an angulated view is essential (Fig. 13.1), not least to 
be able to observe the quality of fills in two- and multi- 
rooted teeth. If the root filling does not fill the canal 
properly, i.e. if there is a short fill or if the fill displays 
obvious voids, the filling should be adjusted (see Core 
concept 13.4). Often, complete removal and reinsertion 
of a new filling is the best strategy in such cases rather 
than adjustment by compaction. An overextended filling 
normally cannot be corrected owing to the diffuse 
spreading of sealer material. 



Filling of the pulp chamber and coronal 
restoration 

Because of the potential presence of accessory canals 
near the floor of the pulp chamber of multirooted teeth 
and the fact that exposure of the root canal filling to saliva 



and bacteria seriously deteriorates the quality of the seal, 
application of a well-sealing, colored dentin-adhering 
cement is recommended (8, 22, 42). In case of retreat- 
ment, this material should have a color distinct from 
dentin so that the canal can be located again, but not to 
the extent that it discolors the crown of the tooth. 

Considering the negative effect of the oral fluids on 
the quality of the root canal filling, it is not surprising 
that the quality of the coronal restoration may also influ- 
ence the outcome of endodontic treatment, particularly 
if the root canal is not perfectly sealed. It is recommended 
that a good coronal restoration be placed immediately 
after root canal filling. Therefore, the root filling material 
should be removed at or just apical to the canal orifice, 
and in single-rooted teeth just apical to the cemento- 
enamel junction, because root canal cements may stain 
dentin to cause tooth discoloration. In cases where a cast 
restoration is indicated, a core material is placed. This 
procedure is omitted if a post and core are indicated 
shortly after filling the canal. In that case, space for a post 
may be created right after filling the root canal, leaving at 
least 3-4 mm of gutta-percha in the canal (9). 



Core concept 13.4 Assessment of root filling quality 



(1) Good-quality root filling after a pulpectomy procedure. Length of 
the filling is to an appropriate working length (a). The canal space 
is densely filled in its entirety (b). 




(2) Redo case because of short 
fill of upper canine. 



M 




(3) Redo case because of incomplete fill of palatal root canal in upper 
first molar. 




(4) Overextended root filling on both the mesial and distal canals. 
Canal space appears to have been filled properly. No retreatment 
because of the limited potential to remove the excess root filling 
material. 
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Conclusions and recommendations 

Insufficient research has been carried out to determine 
which technique under certain given conditions (root 
canal anatomy, apical constriction, preparation shape) is 
the most appropriate (47). However, there are indica- 
tions that the risk for leakage of bacteria and bacterial 
elements is larger when the single-cone technique is 
used than with the use of other techniques (2, 4). 
Therefore, the clinician is advised to make him or herself 
confident with one or two of the techniques described. It 
needs to be recognized that no root filling technique can 
compensate for an improper root canal preparation. 
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Chapter 14 

Diagnosis of pulpal and periapical disease 

Claes Reit and Kerstin Petersson 



Introduction 

Diagnosing disease conditions of the pulp and the peri- 
apical tissues is often a demanding and sometimes also a 
frustrating procedure, e.g. when patients are in severe 
pain. Because the tissue reactions mostly take place in a 
concealed part of the body, the disease picture frequently 
must be made "visible" by indirect methods and tests. 
The clinician must also learn to navigate with a limited 
diagnostic armamentarium. In this situation, besides 
personal experience and intuition (which cannot be 
learnt from a textbook), the accuracy and correct inter- 
pretation of diagnostic information are all important. 
Evaluation and re-evaluation of data have to be carried 
out in a continuous process. 

From textbooks, students normally learn about diag- 
nosis through studying the traits of various diseases. 
Expected symptoms, signs and test results of, for exam- 
ple, pulpal inflammation, are presented, the diseases are 
given and their clinical, radiographic and laboratory 
expressions discussed. However, such a learning proce- 
dure is the reverse of what happens in the clinical situa- 
tion. Patients rarely know what they suffer from. Instead 
they present with certain symptoms, signs and test 
results. While suspicions often can be raised in several 
directions, the task of the clinician is to carefully weigh 
the collected information to find the right signal or diag- 
nosis. This chapter therefore will start with a discussion 
on how diagnostic information may be evaluated before 
the specific measures that may be taken to identify the 
endodontic disease conditions are reviewed. 



Evaluation of diagnostic information 

Making the right diagnosis is often a complex task and 
clinicians may easily arrive at different conclusions. 
Many studies have demonstrated how physicians and 
dentists vary in the way they practice their profession, 
regardless of whether they are defining a disease, 
making a diagnosis or selecting a therapeutic procedure. 
For example, in a study on microscopic investigation of 



biopsy specimens from the uterine cervix, 13 pathologists 
were asked to read 1001 specimens and to repeat the 
readings at a later point in time. On average, each 
pathologist agreed with him or herself only 89% of the 
time (intraobserver agreement) and with a panel of 
"senior" pathologists only 87% of the time (interobserver 
agreement). Looking only at patients who actually had 
cervical pathology, the intraobserver agreement was 
only 68% and the interobserver agreement was 51% 
(34). 

Many similar studies on various signs and symptoms 
have been carried out and the literature on observer 
variation has been growing for a long time (8) (Key 
literature 14.1). From a diagnostic point of view it has 
been found that, in general, observers looking at the 
same attribute will disagree with each other or even with 
themselves 10-50% of the time (10). Many authors have 
regarded the diagnostic process more as an act of art 
than of science: " Traditionally, the process of diagnosis 
was left undefined, a natural art, or explained as a pro- 
cess of intuition. Despite recent advances, this is still too 
often the case" (12). In Borland's Medical Dictionary (7) 
" diagnosis" is defined as "The art of distinguishing one 
disease from another". During recent years clinical rea- 
soning has been the subject of substantial research, and 
both descriptive and normative models have been 
proposed (22). 

Diagnostic accuracy 

Let us assume that the question of whether or not a 
patient has a certain disease D in a clinical situation can 
be determined only by a test T. It is possible to obtain 
two test results: one indicating that the patient has D (a 
positive test, T+) and one suggesting that the patient 
does not have D (a negative test, T-) (see Core concept 
14.1). Unfortunately, T has the drawback (which it shares 
with almost all tests and procedures) that it cannot com- 
pletely separate persons who have D and those who 
have not. Two types of error are then possible. A person 
who has D can be informed that he or she has not (a 
false-negative diagnosis) and another person can receive 
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Key literature 14.1 



Observer variation in periapical 
radiographic diagnosis 






In a study by Reit and Hollender (37) the radiographs of 119 end- 
odontically treated roots were examined by six observers. Each root 
was visible on two separate radiographs. Three of the examiners 
were specialists in endodontics and three in oral radiology. The 
observers were asked to distinguish between "normal periapical con- 
ditions", "increased width of the periodontal membrane space" and 
"periapical radiolucency". In the opinion of one or more observers, 
82 of the 1 1 9 roots presented normal periapical conditions. However, 
only at 33 (37%) of these roots was the decision shared by all six. The 
diagnosis of "increased width of the periodontal membrane space" 
was made in agreement in only 9% of 65 recorded cases. Periapical 
radiolucency was reported at 37 of the roots, and at ten of these 
(27%) all observers agreed. This study serves as an illustration of the 
difficulties in defining and maintaining criteria in radiographic evalu- 
ation of the periapical tissues. 



Core concept 14.1 Measures of diagnostic 
accuracy 



J 



Test results 
T+ T- 



D+ 



Actual state 



TP 
(True positive) 


FN 
(False negative) 


FP 
(False positive) 


TN 
(True negative) 



T+ = positive test result 

T- = negative test result 

D+ = disease present 

D- = disease absent 

Sensitivity = the proportion of diseased patients (D+) correctly iden- 
tified as positive (TP/TP + FN). 

Specificity = the proportion of non-diseased patients (D-) correctly 
identified as negative (TN/TN + FP). 

Positive predictive value = the proportion of positive tests (T+) 
that are true positive (TP/TP + FP). 

Negative predictive value = the proportion of negative tests (T- 
that are true negative (TN/TN + FN). 



/ 



positive test although he or she does not have D (a false- 
positive diagnosis). Of course there are also two types of 
correct outcomes of the test: true-positive and true- 
negative diagnoses, respectively. The proportions of 
these four possible outcomes can be used to express the 
diagnostic value attached to the test. Sensitivity - or the 
true-positive ratio - is a measure of the proportion of 
patients with D correctly identified as positive. Specificity 
- the true-negative ratio - is a measure of the proportion 
of persons without D correctly identified as negative. In 
order to determine the sensitivity and specificity of a 



diagnostic test a comparison with some sort of ideal 
"gold standard" has to be made. There must be some 
test-independent way of making a definitive diagnosis 
of whether the patient is diseased or not. Preferably, 
such a gold standard is created by means of a biopsy, but 
often another test normally not clinically available 
because of high costs or severe adverse effects may serve 
this purpose. In most cases investigators have to use gold 
standards that are below "24 carats". 

In the clinical situation the most interesting questions 
are formulated in a slightly different way. When the test 
indicates that the patient is diseased (T+), what is the 
probability that he or she really has D? And if the patient 
gets a negative result (T-), what is the probability that D 
is not present? These probabilities are given in the so- 
called positive predictive value (PPV) and the negative 
predictive value (NPV). In contrast to sensitivity and speci- 
ficity, PPV and NPV are dependent on the prevalence of 
the disease. Let us assume that a test has 90% sensitivity 
and 95% specificity for a certain disease. If the prevalence 
of the disease is 50%, then the PPV will reach 95%. This 
means that if a patient receives a positive result there is 
95% probability that he or she is diseased. If the preva- 
lence is 10%, the PPV will decrease to 67%; if the preva- 
lence is 1%, the PPV is only 15%. This mathematical 
exercise tells us that tests do not work well when preva- 
lences are low. Accordingly, in a clinical situation, tests 
should not be used on a routine basis. By history taking 
and oral examination the clinician selects patients in 
which a specific test may be used. What he or she actually 
does is to increase the prevalence of the suspected 
disease! 

Receiver operating characteristic analysis 

If rates of true-positive response (TPR) and false-positive 
response (FPR) are calculated for different decision crit- 
eria (cut-offs), the obtained pairs of values may be plot- 
ted in a simple graph with the TPR placed vertically 
and the FPR horizontally. Various cut-off points may be 
obtained in many ways. For example, in radiographic 
diagnosis of periapical lesions the level of confidence of 
the observer often is used. Both the TPR and the FPR are 
calculated for five decision critera: definitely a lesion; 
probably a lesion; uncertain; probably no lesion; definite- 
ly no lesion. The plotted points form what is called the 
receiver operating characteristic (ROC) curve (Fig. 14.1). 
The position of the ROC curve will tell us how good a 
test is at discriminating between people (or teeth) who 
have the disease from those who do not. The ROC curve 
of the perfect test coincides with the axes, whereas the 
curve of the worthless test lies along the 45° diagonal. We 
can measure the discriminatory power of a test by how 
close its ROC curve is to the axes and how far it is from 
the diagonal. More precisely, the discriminatory power 
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Fig. 14.1 In radiographic diagnosis of periapical lesions, true-positive rates 
(TPR) and false-positive rates (FPR) can be calculated for five decision criteria: 
(a) definitely a lesion, (b) lesion probable, (c) lesion uncertain, (d) probably no 
lesion, (e) definitely no lesion. 

is measured by the area under the curve, which is 100% 
for the perfect test and 50% for the worthless test. An 
ROC analysis demonstrates that changing the cut-off 
point will not influence the discriminatory power of a 
test, it just moves its position along the curve. However, 
different cut-off points can have momentous clinical 
consequences for those affected by the judgment, and a 
strategy for deciding the position to be taken on the 
curve must be developed (see next section). 

Receiver operating characteristic analysis of 
periapical radiography 

In a study by Kullendorff et ah (23) the aim was to com- 
pare the observer performance of direct digital radiogra- 
phy, with and without image processing, with that of 
conventional radiography, for the detection of periapical 
bone lesions. For 50 patients a conventional periapical 
radiograph using E-speed film was taken and then a 
direct digital image of the same area was made. The 
images of 59 roots were assessed by seven observers 
using a five-point confidence scale: definitely no lesion; 
probably no lesion; uncertain; probably a lesion; defi- 
nitely a lesion. A gold standard was created by indepen- 
dent readings of 73 films by two experienced radiologists. 
Only images where they agreed (totalling 59) were 
included in the study. ROC curves were established and 
mean values of the observers' decisions are shown in 
Fig. 14.2. 
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Fig. 14.2 ROC analysis of periapical radiography showing observer deci- 
sions for 59 radiographs (23). 



Conventional film radiography came out slightly bet- 
ter from the study than direct digital radiography. Image 
processing did not improve the observer performance. 

Diagnostic strategy 

The diagnosis is not a goal in itself but only, in the words 
of a Scottish clinician, "a mental resting-place" for prog- 
nostic deliberation and therapeutic decisions (45). One of 
the main concerns for this deliberation is of course the 
fact that no diagnostic method has perfect sensitivity 
and specificity, which means that false diagnoses cannot 
be avoided completely. Also, from ROC analysis we learn 
that diagnostic decisions always have "costs". If we want 
to be sure that all cases treated are really diseased, we 
have to take a low position on the ROC curve. The cost 
for this will be a number of missed cases. In contrast, if 
we want to treat all diseased patients (or teeth), a high 
position on the ROC curve is needed and the cost will be 
a number of healthy cases being treated. If an analysis of 
an actual clinical situation results in a strategic decision 
to avoid overtreatment (low ROC position), then the 
clinician should signal for disease only when he or she is 
absolutely certain that it is present. If the problem is to 
avoid false-negative diagnoses, the best consequences 
will be obtained if disease is reported at the slightest 
suspicion of it (high ROC position). It is important to 
notice that a decrease in one type of error will lead to an 
increase in the other. 
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On which grounds should a certain strategy be chosen? 
This is a complex problem and an in-depth analysis is 
beyond the scope of this chapter. However, certain 
important factors may be identified: the consequences of 
untreated disease; risk of complications or adverse effects 
of instituted therapy; economic costs; and personal 
values. 

In a situation where untreated disease will not lead 
to any serious complications of the patient's general 
health or well-being, one normally wants to avoid over- 
treatment. The diagnostic process will be directed 
towards the avoidance of false-positive diagnoses and a 
low position on the ROC curve is taken. If untreated dis- 
ease will lead to serious complications it is important to 
identify and find all or most of the diseased individuals. 
From a strategic point of view, false-positive diagnoses 
must be accepted and we have to move higher up the 
ROC curve. 

It is obvious that if the available cure also implies great 
risk of severe complications or serious adverse effects, 
one does not want to perform any unnecessary treat- 
ments. The price to pay for accepting false-positive diag- 
noses will then be too high. In contrast, the diagnostic 
position should be moved higher up the ROC curve if 
treatment is simple and without any considerable risk. 

All medical and dental care is associated with economic 
costs and thus resources must be regarded as limited. 
Diagnosis and treatment have to be cost-effective and if 
the available therapy is very expensive one does not 
want to start a treatment on a false-positive diagnosis. 
For example, if a crown and post have to be removed in 
order to reach a root canal for retreatment, it is essential 
to be absolutely sure that this is the right thing to do. 
Accordingly, a lower position on the ROC curve has to 
be taken. 

Personal values have to be included in a decision strat- 
egy. Faced with the same clinical situation, people will 
not evaluate the benefits and risks of a treatment proce- 
dure in identical ways. This means that the position of 
the diagnostic criterion has to be discussed with the indi- 
vidual patient. Will the patient take a false-positive diag- 
nosis before a false-negative diagnosis, or the other way 
around? Attempts have been made to measure patients' 
values in order to incorporate them in various decision 
models (38). These possibilities are discussed in more 
detail in Chapter 18. 

Clinical manifestations of pulpal and 
periapical inflammation 

The clinical manifestations of inflammatory processes in 
the pulp and periapical tissues cover a broad range of 
expressions. Patients' experience of dental pain may vary 
from a barely noticeable discomfort to an unbearable 



torment, from an odd pain attack of short duration to a 
lingering continuous suffering. Patients may, in addi- 
tion, display various signs of infection, including fistulae, 
swellings and raised body temperature. Discolored teeth 
is another patient complaint that may draw a suspicion 
of a diseased pulp. In Core concept 14.2 the most 
commom symptoms and signs associated with pulpal 
inflammation, pulp necrosis and periapical pathosis are 
collected and displayed. Strangely, however, patients 
are usually free of symptoms and the majority of pulpal 
inflammations in need of endodontic treatment are 
revealed during operative procedures (36). In most cases, 
inflammatory involvement of the periapical tissues is 
detected only by radiographic means. 



Collecting diagnostic information 

Inferences regarding disease processes in the pulp and 
periapical tissues have to be made with the help of a 
rather limited diagnostic armamentarium. The main 
sources of information are the patient's report on pain 
and other symptoms, the clinical examination of the 
tooth and surrounding structures, and the radiographic 
examination (Core concept 14.3). The problem for which 
the patient seeks dental care (chief complaint) is the nat- 
ural point of departure for the diagnostic process. If the 
patient is in acute distress, the examination and diagno- 
sis must be focused on solving that particular problem as 
fast as possible and a complete examination and estab- 
lishment of a definitive treatment plan have to be post- 
poned until later. A quieter situation will allow the 
examiner to expand on the present dental illness. The 
patient's report on character, intensity, frequency, local- 
ization and external influence of the symptoms will often 
give clues to a tentative diagnosis. This initial notion may 
be strengthened or refuted by penetrating the dental 
history, including information on such matters as 
recently placed restorations, pulp cappings and potential 
bruxism. 

When reviewing the medical history the clinician will 
focus on illnesses, medication and allergic reactions. 
Consultation with the patient's physician is recom- 
mended when physical or mental illness is expected to 
interfere with diagnosis and treatment plan. There are 
no systemic disease conditions for which endodontic 
treatments are contraindicated, other than those affect- 
ing any dental procedure. 

The status of the tentative diagnosis is explored fur- 
ther at the clinical examination. Crowns of suspected 
teeth are evaluated with regard to caries, defective fill- 
ings and discoloration. A fiber optic light source may be 
useful to disclose the presence of cracks in the enamel or 
dentin, and the patient may be asked to bite on a cotton 
roll or a firm object to confirm the diagnosis. As pointed 
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Core concept 14.2 Clinical manifestation of pulpal and periapical disease 



Symptoms and signs of pulpal inflammation 

History of sharp pain, spontaneous or to thermal stimuli 
Pain attack may be provoked clinically by thermal stimuli (a) 

Symptoms and signs of pulp necrosis (b) 

• The pulp is insensitive to vitality testing 
The crown is discolored (grayish) 



Symptoms and signs of periapical inflammation (c-e) 

Tooth is insensitive to vitality testing 
Dull, continuous pain 
Intra- or extraoral swelling 
Draining fistula 
Periapical radiolucency 



PUlf 





Core concept 14.3 



Sources of diagnostic 
information 



Anamnesis 

- Chief complaint 

- Present dental illness 

- Dental history 

- Medical history 
Clinical examination 

- Evaluation of the crown 

- Evaluation of the pulp 

- Evaluation of the periapical tissues 
Radiographic examination 



out in Chapter 4 the true condition of the pulp is often 
difficult to assess but pain provocation and pulp vitality 
testing are helpful. Tenderness to percussion and palpa- 
tion confirms a suspicion of periapical inflammation, as 
of course does the presence of a fistula and swelling or a 
periapical radiolucency in the radiograph. 



Some informative sources are more important than 
others. The following series of cases will demonstrate 
how pain report, pulp vitality testing and radiographic 
findings interact and come into play in the process of 
reaching a diagnosis in endodontics. 

Diagnostic methodology: assessment of pulp 
vitality 

Pulp vitality means that a given pulp has an intact neuro- 
vascular supply. Traditionally, pulp vitality has been 
determined by investigating response to painful stimuli. 
It needs to be recognized therefore that such methods 
test only for sensory nerve function and not necessarily 
for an intact pulpal blood supply. Yet, the presumption 
can most often be made that a tooth which responds to 
the provocation with a sharp pain sensation has a vital 
pulp. Because this is an indirect methodology the clini- 
cian has to work with hypotheses of the relation between 
the test result and the reality. Two main assumptions 
about this relation usually are made: 
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Case study 1 

Pulp vitality? 

A 25-year-old man visited his dentist 3 days after receiv- 
ing a blow from the elbow of an opponent against his 
upper incisors during an ice hockey game. Immediately 
after the incident the teeth felt slightly mobile, but at the 
examination the patient had no symptoms besides slight 
tenderness on chewing. The incisors were stable and no 
cracks or fractures were found. The crowns showed nor- 
mal color. Pulp vitality was investigated by means of 
sensitivity tests. All front teeth were sensitive to cold and 
electric current. Thus, the pulps of the teeth seemed to 
have survived the traumatic injury. Therefore no treat- 
ment was recommended, but the patient was scheduled 
for a future follow-up in case a pulp complication devel- 
oped later. 

Comment: In a clinical situation the condition of the pulp 
may be difficult to assess. The pulp can rarely be directly 
observed and whether it is vital or not has to be estab- 
lished by indirect methods. Evaluating the reaction to 
painful stimuli by sensitivity tests is among the most 
important tools of pulp diagnosis. 



1. If the pulp is sensitive, it is vital. 

2. If the pulp is sensitive and the patient has no symp- 
toms, the pulp is healthy. 

There are three types of pulp sensitivity tests: 

• mechanical; 

• thermal; 

• electrical. 

The guiding rules for the use of sensitivity tests are given 
in Core concept 14.4. 



Mechanical tests 

Directing a jet of compressed air and probing exposed 
dentin in a cavity or cervically at the neck of the tooth 



Core concept 14.4 Guiding rules for the clinical 
use of vitality tests 



Explain the procedures to the patient. 

Do not rely on only one test; use combinations. 

Make comparisons with other teeth, preferably contralaterals but 

also with neighboring teeth. 

In cases with doubtful reactions, repeat the tests in a different 

order, "hiding" the suspicious tooth. 



j 



normally results in a sensitive reaction in a tooth with a 
vital pulp. Pulp sensitivity also may be evoked during 
drilling for removal of caries or defective fillings. In these 
procedures nociceptive mechanoreceptors at the pulp- 
dentin border are stimulated by hydrodynamic forces 
moving the fluid in the affected dentinal tubules (see 
also Chapter 3). Of course, a prerequisite for these tests is 
that the tooth in question has not been anesthetized. In 
ambiguous cases drilling a small test cavity can be useful, 
especially in teeth with full crown restorations. Such test 
cavities can also be used for thermal and electrical tests. 
While scientific data on the diagnostic accuracy of 
mechanical stimulation are lacking, it is a simple and 
effective means to test the status of the pulp. Indeed it is 
a good clinical routine in restorative procedures to post- 
pone the administration of local anesthetics until a sensi- 
tive reaction is received from the tooth. Such a routine 
will prevent restoration of a tooth with a necrotic pulp. 

Thermal tests 

Cold air, water or a cold object may elicit a pain response 
when placed at a tooth surface. Similar to mechanical 
tests the temperature changes will influence the flow of 
dentinal fluid and a subsequent mechanical stimulation 
of pulpal nerves. A common method is to apply a cotton 
pellet soaked in a fast evaporating fluid, such as ethyl 
chloride or dichlorodifluoromethane or carbon dioxide 
snow. Ice sticks - made by filling empty cylinders with 
water and placing them in the freezer - can also be used 
but are not as efficient as the above-mentioned agents 
that provide lower temperatures. 

Application of heat to the tooth surface is sometimes 
also used for vitality testing. A gutta-percha bar (tempo- 
rary stopping) is heated in an open flame for a few 
seconds until it softens. It is then placed on the buccal 
surface on the tooth, away from the gingiva. The bar is 
removed as soon as the patient signals a pain response. 
Because studies indicate that the diagnostic accuracy is 
very low (35) (Key literature 14.2), heat should not be 
used as a test of pulp vitality, but can be useful for pain 
provocation. 

Electrical test 

An electric pulp tester sends a weak electric current 
through the tooth, which stimulates the pulpal nerves. 
Various technical devices are available. Studies have 
shown that the pain threshold is influenced by the place- 
ment of the electrode. Several authors registered the 
lowest threshold values when it was placed on incisal or 
cusp tips (4). At this part of the tooth the enamel layer 
usually is very thin (the enamel has greater electrical 
resistance than the dentin) and the concentration of 
sensory nerves is highest in the pulpal horns (24). 
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Key literature 14.2 



Diagnostic accuracy of thermal 
and electronic pulp tests 



^\ 



In a study by Petersson et al. (35), the pulpal status of 75 teeth was 
investigated by cold (ethyl chloride), heat (hot gutta-percha) and 
electricity (Analytic Technology Pulp Tester). True-positive, false- 
positive, true-negative and false-negative test results were calculated 
for each method compared with a gold standard. The gold standard 
was established by direct pulp inspection (59 teeth in need of end- 
odontic treatment) and by judging radiographs (16 intact teeth). 
Twenty-nine teeth (39%) were judged to be necrotic. The authors 
found that an insensitive reaction represented a necrotic pulp in 89% 
with the cold test, in 48% with the heat test and in 88% with the 
electrical test. A sensitive reaction was found to correspond to a vital 
pulp in 90% with the cold test, in 83% with the heat test and in 84% 
with the electrical test. 



Sensitivity testing by electrical stimulation has good 
diagnostic accuracy (29, 35) but its use is often prohibited 
when restorations cover most of the tooth structure. To 
overcome this problem, Pantera et al. (33) suggested the 
use of a bridging technique. The tip of an explorer coated 
with toothpaste was placed against an exposed part of 
the tooth surface and the pulp tester then was placed 
against the explorer. For some vitality test devices extra- 
thin electrodes are available. 

Interpretation of test results 

The outcome of a sensitivity test is the result of an inter- 
action between the given stimulus and the patient's reac- 
tion to it. Accordingly, a failing correlation between 
sensitivity and vitality may be either stimulus or reaction 
dependent. The former situation may be illustrated by an 
electrical impulse that does not reach a vital pulp tissue 
owing to, for example, excessive amounts of reparative 
dentin. False recordings also may be obtained if the pulp 
is necrotic but the impulse reaches nerve fibers in the 
periodontal membrane or in a neighboring tooth. Such 
possibilities have been discussed in detail by several 
authors (16, 30). Sometimes a vital pulp cannot respond 
to stimulation owing to a traumatic injury having dam- 
aged the intradental nerves. The accuracy of the test also 
may be impaired by the patient's behavior. He or she 
may be anxious or feeling uneasy and thus have difficulty 
in giving a correct report (see Case study 2). Therefore, 
when test results are doubtful and difficult to interpret, 
a combination of methods must be used (Core 
concept 14.4). 

In recent years other concepts of pulp vitality testing 
than eliciting painful stimuli have been suggested, includ- 
ing blood flow assessment. Laser-Doppler flowmetry 
has been developed for this purpose and recently a pulse 
oximeter dental probe was presented. Both methods are 
reported to have high diagnostic accuracy for anterior 



Case study 2 

Tooth-related pain 

A 53-year-old woman consulted her dentist about 
periodic pain from the left upper molar region. The pain 
started a week earlier and was elicited by hot and cold 
food. Each period of intense penetrating pain lasted for 
about 30min. Between the acute episodes the patient 
constantly felt a mild rather dull pain. She was convinced 
that the pain emanated from the upper first molar. The 
clinical examination disclosed extensive fillings in both 
the upper and the lower molars. No signs of caries were 
found. None of the teeth was tender to percussion. In 
the bitewing radiograph a deep amalgam filling, close to 
the pulp, was observed in the lower first molar. When cold 
was applied a strong and lasting pain reaction was elicit- 
ed only from this tooth. After a mandibular anesthetic 
injection the pain disappeared. When the amalgam fill- 
ing was removed a pulp capping area was exposed. The 
case was diagnosed as symptomatic pulpitis and the pulp 
was extirpated. 

Comment: Painful symptoms from a pulp are most often 
associated with active caries but can also emerge in a 
number of other situations in which microorganisms 
reach and provoke the pulp. In this case a small part of 
the pulp was exposed several years ago, when caries was 
excavated. Over the years microorganisms might have 
slowly penetrated the margins of the filling and eventu- 
ally reached the capping area and caused the pulp 
response. In pain cases the patient's report of the symp- 
toms is very significant. However, it is important to 
understand that the discriminatory accuracy of the nerve 
system is not precise and that the patient's report might 
lead the clinician in a wrong direction. If symptomatic 
pulpitis is suspected a bitewing radiograph is preferred 
over a periapical radiograph because the projection more 
easily reveals the proximity of carious lesions and resto- 
rations to the pulp, and information regarding the upper 
as well as the lower teeth is presented in one image (see 
also Case study 2, Chapter 4). 



teeth (9, 14). Yet neither methodology has gained recog- 
nition in clinical practice, primarily because of cost and 
demanding technique. 

Diagnostic methodology: evaluation of 
reported pain 

From a subjective point of view the main sign of pulpal 
and periapical disease is the experience of pain. Patients 
usually associate pathology with pain, and a pain-free 
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condition with non-disease. However, studies have 
revealed low correlation between pulp pathology and 
patients' symptoms (1, 26, 41) and in most cases inflam- 
matory lesions of the pulp and the periapical tissues will 
not give rise to pain. Thus, the sensitivity of pain as a 
diagnostic criterion of endodontic disease is very low. 

The clinical picture is even more complicated. Studies 
have shown that when a patient reports spontaneous 
dental pain and locates the origin of symptoms to a 
certain tooth, the clinician cannot act on this information 
alone because the discriminatory power of the pulpal 
nerves is not perfect. When healthy teeth were stimulat- 
ed electrically, Mumford and Newton (31) found that 
only 46% of subjects could correctly identify the right 
tooth being tested. In a similar experiment Friend and 
Glenwright (11) reported that 73% of subjects made a 



correct area localization (one neighboring tooth on each 
side included). In these studies electric pulp testers were 
used, which stimulate mostly A-delta fibers. When pain 
is elicited by pulpal inflammation, nerve impulses will 
originate mostly from C-fibers. Those fibers have a lesser 
discriminatory ability, which means that the chance of 
correct tooth identification will decrease further. Thus, 
patients may experience pain in one tooth while the 
pathosis in fact is to be found in another. This phenome- 
non is called referred pain (13, 42). Pain may also be 
referred to teeth from pathological processes elsewhere, 
for example in the ear, salivary glands, maxillary sinus 
and masticatory muscles (1, 18). Even organs outside the 
head may generate what appears as "toothache". Bonica 
(5) reported that patients with angina pectoris rather 
frequently referred the pain to their teeth. 



Case study 3 

Cracked tooth 

A 46-year-old man visited his dentist for severe pain 
localized to the right molar area of the lower jaw. The 
pain started a week earlier with a twinge in one of the 
teeth. Since then the symptoms returned in periods. 
Each period lasted from 30 min to an hour. The pain 
became very severe and he consumed a lot of painkillers. 
At the clinical examination the patient was symptom 
free. Both left lower molars were normally sensitive to 
testing. No pain could be provoked but the first molar 
was slightly tender to percussion. The teeth were restored 
with occlusal amalgam fillings and no caries was detected 
clinically or radiographically (a). During the examination 
the pain suddenly returned so severely that the patient 
started to cry. A mandibular anesthetic injection relieved 
the pain. At a closer inspection small cracks were found 





at the distal as well as lingual parts of the first molar. The 
amalgam filling was removed and the cracks were found 
to engage with the pulp chamber. Pulpectomy was then 
performed and a calcium hydroxide dressing placed in 
the root canals. When the patient return a week later he 
was pain free but the distolingual cusp had fractured 
and the fragment was lost (b). 

Comment: Molars and premolars may suffer more or less 
complete breaks of the tooth structure due to forces of 
mastication. While some cracks may go outside the pulpal 
space and involve a cuspal area only, others may directly 
engage the pulp. In either case bacterial elements may 
reach the pulp and cause inflammation and painful 
symptoms. In addition to the classical pulpitis symptoms, 
cracked teeth may display acute pain on chewing hard 
food items. The diagnosis of cracked teeth is neverthe- 
less far from clear-cut because such teeth may not always 
be extensively or deeply restored. The symptom complex 
can also be quite variable and therefore the condition 
may go undiagnosed for years. Eventually pulp necrosis 
and apical periodontitis may develop, especially if the 
crack has involved the pulp. 



Diagnosis of pulpal and periapical disease 243 



Important diagnostic information can be found in the 
patient's description of the pain. Pulpal pain has a wide 
experience range: from a slightly increased sensitivity to 
intraoral temperature changes, to very intense, almost 
unbearable pain. In a typical case the pain comes in 
attacks often elicited by hot or cold food (Advanced 
concept 14.1). Initially, with such a provoked attack a 
sharp pain is felt (A-delta fiber-mediated). After the stim- 
ulus is removed, the pain lingers on for varying amounts 
of time (seconds to hours), often described as deep, dull 
and throbbing (C-fiber activation). Paradoxically, in some 
cases, taking a solid dose of ice water into the mouth 
may relieve the symptoms. This observation is mostly 
made when pain is continuous and very intense and is 
held to be a sign of excessive and irreversible pulpal 
inflammation. 

As soon as the inflammatory reaction spreads out of 
the pulpal space to involve the periodontal membrane, 
the tooth may be tender to percussion, palpation and 
chewing. Nociceptors and mechanoreceptors can be 
found in the periodontium and each terminal controls its 
own territory along the root. Some nerve endings are 
especially close to collagen fiber bundles (32). Pain asso- 
ciated with periapical inflammation is mostly continuous 
and described as dull in character. The symptoms will 
not be influenced by changes in the temperature and 
thus may not be provoked. 

Diagnostic methodology: provocation/inhibition 
of pain 

Pain is the most important symptom of pulpal inflamma- 
tion, but, as discussed above, in the clinical situation the 
diseased tooth can be hard to determine. Pain from an 
inflamed pulp is often periodic and there might be a 
pause in symptoms at the examination. If the pain is 
continuous the patient often experiences that it " spreads" 
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Temperature changes and 
pulpal pain 



The hypothetical explanation to the phenomenon that temperature 
changes influence pulpal pain is that such changes influence the tis- 
sue pressure inside the pulpal chamber with its rigid dentin walls. 
Because of low compliance in the pulpal chamber, even modest 
changes in pulpal fluid volume will be reflected in the tissue pressure 
(28). An increased pressure in the pulpal tissue due to increased tem- 
perature, for example, would start a pain attack because the bio- 
chemical inflammatory mediators already maintain subclinical pain 
signals and a decreased pain threshold. Congruent to this reasoning, 
a significant decrease in temperature would decrease the tissue pres- 
sure and thus also the pain sensation. Tooth-related pain in patients 
subjected to pressure changes, called barodontalgia, is sometimes 
experienced by airborne or diving people and is important as an indi 
cator of pulpal inflammation. 



J 



over a greater area, which makes localization difficult. In 
order to find the right source of the pain, the most infor- 
mative diagnostic move, besides clinical and radiographic 
examination, is to try to provoke or extinguish the symp- 
toms. Pulpal pain may be triggered or aggravated by 
applying cold or hot stimuli to the tooth, e.g. a heated 
gutta-percha bar (see above). In cases with continuous 
pain, it may be helpful to inject anesthetics systematically 
and the occurrence or not of pain relief will indicate the 
site (region, upper or lower jaw) from which the symp- 
toms emanate. 

Differential diagnosis of pulpal pain 

A number of other conditions can contribute to or mimic 
pulpal pain. Hence, pulpal pain may be associated with 
teeth suffering from so-called " traumatic occlusion". 
Such teeth can be hypersensitve to hot and cold stimuli 
and may be tender to percussion due to activation of the 
sensory nerve system in the pulp as well as in the peri- 
odontium. If no obvious cause of a pulpal inflammation 
can be observed, such as a deep carious lesion, a restora- 
tion close to the pulp chamber, crack or fracture, trauma 
from occlusion should be considered and checked for. 

Symptoms from some non-dental conditions might 
mimic pulpal or periapical pain. Patients with maxillary 
sinusitis frequently have symptoms which they associate 
with the upper premolars and the first molar. A common 
finding is that two to three adjacent teeth are tender to 
percussion and that the pain increases when the patient 
leans forward or shakes the head. 

Trigeminal neuralgia can mimic pulpitis with its sharp 
pain attacks. However, the pain attacks also continue at 
stimulation of " trigger points' 7 after the suspected tooth 
has been anesthetized, which facilitates the discrimina- 
tion between pulpitis and trigeminal neuralgia. 

Herpes zoster infection of the trigeminal nerve is another 
neurological disorder that gives sharp pain attacks simi- 
lar to pain from pulpitis. Especially in its initial stage it 
can be hard to distinguish from pulpitis but, after some 
days, when small vesicles emerge along the trigeminal 
branches extraorally in the skin or intraorally in the 
mucosa, the diagnosis becomes obvious. 

Temporal arteritis, inflammation of the temporal artery, 
and sialolothiasis are other conditions that can give sharp 
pain in the orofacial region. 

Diagnostic methodology: evaluation of tooth 
discoloration 

A gray or gray-brown discoloration is considered to be one 
of the major diagnostic clues in disclosing pulp necrosis 
after subluxation, extrusive and lingual luxation of teeth 
following dental trauma (20) (see also Chapter 15). In 
studies of primary teeth discoloration was associated 
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Case study 4 

Internal root resorption 

At a visit to a new dentist the first upper left incisor of a 
45-year-old man was examined radiographically. The 
patient had no symptoms but the tooth had been sub- 
jected to trauma 5 years ago. The radiograph revealed 
signs of an intracanal dentin resorptive process as well as 
an apical shortening of the root (a). The pulp was sensi- 
tive to vitality testing. The case was diagnosed as internal 
root resorption. The pulp was extirpated and the canal 
was cleaned and filled with warm gutta-percha. 





Comment: Besides pain there are few clinical signs of 
pulpal inflammation. Inflammatory-resorptive processes 
emerging inside the root canal space, as in this case, are 
rare and infrequently cause pain and, thus, are revealed 
only by radiographic examination. 



with pulp necrosis in ^97% of the cases (17, 43). No spe- 
cific studies on the diagnostic accuracy of discoloration 
as a sign of pulp necrosis are available and a common 
recommendation is to test discolored teeth with suspect- 
ed pulp necrosis for vitality and make a radiographic 
examination, as sometimes vital pulp functions may 
prevail. 

A yellow discoloration of the crown can be seen after 
trauma, mainly luxation injuries. It is a sign of excessive 
dentin formation and narrowing of the pulpal space. 
Pulp necrosis and apical periodontitis may develop in 
such teeth with an increasing frequency over time 
(21, 40). 

A pink discoloration of a tooth with vital pulp immedi- 
ately after a full crown preparation is a sign of internal 
bleeding that can lead to extensive pulpal damage. 
Vibrations created by, for example, an eccentrically rotat- 
ing bur, can cause intrapulpal bleeding with blood cells 
penetrating the dentin. Such an injury often leads to 
pulp necrosis. 



Case study 5 

Discolored crown 

A 47-year-old man consulted his dentist about discolor- 
ation of the crown of the left upper incisor. The color 
change had slowly increased over the years and the 
patient wanted to improve the situation from an esthetic 
point of view. About 5 years ago one of his children had 
accidentally given him a blow with her small fist against 
the mouth. He had had almost no symptoms from the 
region. The dentist found that the tooth was insensitive 
to tests with cold and electric current. No signs of apical 
periodontitis were observed in the radiograph. The case 
was diagnosed as pulp necrosis and root canal treatment 
and bleaching of the crown were recommended. 

Comment: There are several reasons for color change 
of a tooth crown. While internal bleeding is a common 
cause in trauma cases, pulp necrosis not induced by 
trauma can also occasionally be associated with tooth 
discoloration. 



Case study 6 

Symptomless periapical inflammation 

A radiograph of a 49-year-old woman showed apical as 
well as interradicular radiolucencies in the first lower left 
molar. The patient reported to never have felt any pain 
or discomfort. The tooth was insensitive to pulp vitality 
testing. The case was diagnosed as asypmtomatic apical 
periodontitis and root canal treatment recommended. 
When the root canal space was opened up the pulp was 
found to be non-bleeding (necrotic). 




Courtesy of Dr Peter Jonasson. 

Comment: As in this case apical periodontitis frequently 
develops without palpable clinical symptoms and is 
diagnosed only radiographically. 
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A pink spot on the tooth surface can also be a sign of 
invasive cervical resorption, an often aggressively 
destructive form of external root resorption. It is charac- 
terized by the invasion of the cervical region of the root 
by fibrovascular tissue, which progressively resorbs 
dentin, enamel and cementum. The dental pulp remains 
protected by an intact layer of dentin and predentin until 
late in the process (15). 

Diagnostic methodology: interpretation of 
periapical radiographs 

Because inflammatory reactions of the periapical tissues 
often proceed without any clinical symptoms, these con- 
ditions are frequently diagnosed by radiographic means 
only. Numerous investigators have studied the diagnos- 
tic sensitivity of periapical radiography and a common 
approach has been to create artificial bone lesions in 
cadavers and determine the minimum amount of bone 
loss that will result in a visible radiolucency. A now 
classic study by Bender and Seltzer (3) reported that a 



bone lesion was not visible until the cortex or the inter- 
face between cortical and cancellous bone was involved. 
They also stated that bone destructions were always 
larger than that suspected from studying the radio- 
graphs. In a study of human autopsy material, Brynolf 
(6) compared the radiology and histology of periapical 
areas of upper incisors. She reported a high frequency of 
radiographically undetected inflammatory lesions. 
Several other investigators have confirmed the findings 
of Bender and Seltzer (3) and Brynolf (6), and pointed 
out the high risk of false-negative recordings, which in 
turn will influence the sensitivity of the test. 

Clinicians arrive at false-positive diagnoses mainly by 
erroneous interpretation of normal anatomical structures. 
Major blood vessels and spaces in the bone marrow, for 
example, might simulate the image of an inflammatory 
periapical lesion. Other disease processes that might 
cause periapical bone lesions, such as marginal periodon- 
titis and cementoma, also influence the specificity of 
radiographic diagnosis. In such cases, pulp sensitivity 
testing of the tooth is decisive. 



Case study 7 

Tooth-related pain and swelling 

A 70-year-old woman appeared for emergency treament 
of a swelling in the area of the right lower molars. The 
problem started a week earlier when she noticed a slight 
tenderness on chewing. After a couple of days a dull, 
constant pain appeared. She kept the symptoms in check 
with painkillers. The pain disappeared but she observed 
that a small swelling had emerged. The radiographic 
examination disclosed periapical radiolucencies in the 
first right lower molar (a). The oral examination showed 
a localized small swelling close to the gingival margin 
(b). The swelling was soft and bled on probing. By means 
of a gutta-percha cone it was possible to find and explore 



a sinus tract (c). When an occlusal test cavity was drilled 
the pulp was found to be non-sensitive. The case was 
diagnosed as apical periodontitis with fistula (synonymous 
to the term chronic apical abscess as described in Chapter 
7) and root canal treatment was recommended. 

Comment: Sometimes apical periodontitis is associated 
with symptoms like pain and swelling. The pain usually 
differs from painful sensations elicited from an inflamed 
vital pulp. It is often described as dull and continuous 
and it cannot be provoked by thermal stimuli. In this 
case the pain stopped when the apical process penetrated 
the bone and the buccal mucosa to create a sinus tract. 
Apical inflammatory processes might also drain extra- 
orally (Fig. 14.3). 




Courtesy of Dr Lisbeth Dahlstrom. 
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Fig. 14.3 (a) Extraoral sinus tract originating from a periapical lesion in the 
upper left second premolar, (b) The sinus tract healed as a result of root canal 
treatment. 



Diagnostic methodology: clinical evaluation of 
the periapical tissues 

The inflammatory response to root canal infection often 
takes place without any clinical symptoms. However, 
the situation may change if the ecological balance in the 
root canal flora changes and/or if the individuars defense 
against infection is impaired (see Chapters 6 and 7). The 
patient, who finds the tooth to be tender on chewing, 
might also experience dull continuous pain or swelling 
of the soft tissues in the area. 

Tenderness is one of the cardinal signs of inflamma- 
tion and is utilized to disclose teeth with pulpal and 
periapical lesions. Thus, a tooth with periapical inflam- 
mation might be sore when the root tip hits the inflamed 
area from tapping the tooth crown in the percussion test. 
Directing pressure by palpation over the area of periapical 
inflammation might elicit the same sensitive experience 
in the patient. Percussion and palpation examinations 
are low-cost tests, easy to perform and with practically 
no risk of complications. Their diagnostic accuracy has 



not been evaluated but they are probably more useful to 
identify a tooth with apical periodontitis than to rule out 
the disease and must be combined with radiographic 
examination of the area. 

The presence of a sinus tract is a sign of a draining 
periapical abscess. In order to find the origin of the tract 
a gutta-percha cone may be inserted and a radiograph 
exposed (so-called fistulography). In the image the cone 
will follow the tract and end in the inflamed area. Such 
an examination is often helpful to find the right tooth or 
to be able to distinguish between apical and marginal 
periodontitis. 

Microorganisms originating from the root canal are 
not always the cause of inflammatory reactions in the 
periapical tissues. For example, a vertical root fracture 
may open an avenue for microfilaments to the periapical 
area and marginal periodontitis may progress and cause 
apically positioned radiolucent reactions. Therefore it is 
important to explore the probing depth of periodontal 
pockets in order to arrive at a correct diagnosis. 
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Case study 8 

Apical radiolucencies in teeth with vital pulps 

In a full-mouth radiographic survey, radiolucencies were 
observed around the apices of the lower central incisors 
in a 35-year-old woman (a). Sensitivity testing of the 
teeth with cold and electricity indicated vital pulps. The 
patient had no clinical symptoms. No carious lesions 
were detected and no deepened periodontal pockets 
were observed. The case was diagnosed as periapical 



cemental dysplasia. The radiolucency becomes filled by 
coalescent radiopacities of cementum later in the process 
of such cases (b). 

Comment: Radiolucent reactions in the periapical area are 
not always caused by endodontic infection and inflam- 
mation. Several differential diagnoses are possible. In 
particular the clinician should be observant of the combi- 
nation of a sensitive reaction to vitality testing and a 
periapical radiolucency. 




Differential diagnosis 

Since apical periodontitis frequently presents without 
signs and symptoms the diagnosis often has to be based 
on the interpretation of the radiographic image. The 
clinician must therefore be aware of how the various 
anatomical structures are depicted and which non- 
endodontic pathological processes can be misinterpreted 
as apical periodontitis. There are several hazards on the 
diagnostic journey and a list of the most common peri- 
apical radiolucencies and radiopacities is shown in Core 
concept 14.5. Some case studies are presented to illustrate 
this particular diagnostic problem and how diagnostic 
reasoning can be maintained. 



Diagnostic classification 

The end of the diagnostic process is the formulation of a 
diagnosis. The collected information has to be related to 
a disease entity. In the literature, several classification 



systems have been suggested and various terms used to 
denote disease processes in the pulp and periapical 
tissues. At first glance this situation may appear confus- 
ing to the reader but a closer look will disclose that the 
systems express rather small variations on a common 
theme and "translations" between them are not difficult 
to carry out. It is important to recognize that a useful 
diagnostic system must be based on clinically available 
information only. 

Diagnostic terms 

Clinically healthy pulp 

When a dental pulp remains within intact walls of dentin 
and responds normally to external stimuli without pro- 
ducing a lingering pain reaction, the pulp is considered 
to be clinically healthy. There are situations when teeth 
with healthy pulps are treated endodontically. The 
barrier function in the tooth may have been accidentally 
violated through operative procedures and the pulp 
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Core concept 14.5 



Structures and disease 
processes appearing as 
periapical radiolucencies or 
radiopacities 



Radiolucencies 

Anatomical structures 

- Incisive foramina and canals 

- Mental foramen 

- Greater palatine foramen 

- Maxillary sinus 
Endodontic processes 

- Granuloma 

- Radicular cyst 

- Scar/surgical defect 

- Foreign-body reaction 

- Osteomyelitis 
Non-endodontic origin 

- Periodontal disease 

- Periapical cementoma 

- Traumatic bone cyst 

- Non-radicular cyst 

- Malignant tumor 

Radiopacities 

Condensing/sclerosing apical periodontitis 

Idiopathic osteosclerosis 

Hypercementosis 

Mature periapical cementoma 



Conversely, if pain is associated with a pulpal exposure 
by caries or following removal of a prior filling this is 
normally regarded an irreversible condition prompting 
radical removal of the tissue (see also Chapter 4). Thus, 
the diagnosis of "pulpitis" covers a broad range of patho- 
logical situations, including painful and non-painful 
conditions causing different clinical signs. 

Although it often does not have a bearing on the thera- 
peutic decision, it can be valuable for practical reasons to 
record whether or not the patient has symptoms when a 
treatment is started. Useful clinical diagnoses for a sup- 
posedly inflamed vital pulp therefore are symptomatic 
pulpitis when the patient has painful symptoms, and 
asymptomatic pulpitis when the patient has no symptoms. 
The diagnostic decision here is based on our knowledge 
of the etiology of pulpal inflammation, its clinical symp- 
toms and the reaction pattern of the pulp. 

Necrotic pulp 

This term means that all the vital functions of the pulp 
are gone. A failure of reaction to a vitality test is not, 
however, sufficient information to act on this diagnosis. 
In combination with a discolored crown or periapical 
radiolucency, an access preparation to the pulp chamber 
is justified and the diagnosis confirmed with the finding 
of a non-bleeding pulp. 



tissue exposed. Occasionally root canal retention is 
needed in prosthetic therapies when the possibilities for 
coronal retention are insufficient. Hemisection of multi- 
rooted teeth also initiates the need for endodontic treat- 
ment of a healthy pulp. 

Pulpitis: symptomatic/ asymptomatic 

Pulpitis implies an inflammatory pulpal status that may 
or may not be associated with painful symptoms. As 
mentioned above and discussed in Chapter 4, findings 
from numerous studies indicate that the presence or 
absence of pain provides little information on the true 
condition of the pulp (2, 25, 26, 27, 41, 44). Hence, the 
extent of inflammatory involvement in a given pulp can- 
not be determined by the lead of diagnostic tests. From a 
practical point of view, however, it is helpful to regard 
excavation of caries and removal of fillings as part of the 
diagnostic process. Painful pulps found to be covered by 
dentin are provisionally regarded as being reversibly 
inflamed and can be treated temporarily by filling the 
cavity with ZnOE cement, for example, and, only if this 
does not curb the pain, pulpectomy may be performed. 



Normal periapical tissue 

There are no clinical symptoms of periapical disease. The 
radiographic image shows normal periapical bone struc- 
ture with a periodontal membrane space not more than 
double the width in other parts of the root. 

Apical periodontitis: symptomatic/ asymptomatic 

Inflammatory processes of the periapical tissues caused 
by microorganisms in the root canal system are usually 
asymptomatic and the diagnosis is verified only by 
radiographic examination. Sometimes, in clinically acute 
situations, bone resorption may not have reached the 
level at which radiolucency is detectable in the radio- 
graph. The clinical diagnosis of "apical periodontitis" 
makes no attempt to differentiate between various histo- 
logical manifestations such as granulomas and cysts. For 
practical reasons it may be valuable to know if the patient 
had symptoms or not when the treatment was started. 
Useful clinical diagnoses therefore are symptomatic apical 
periodontitis (when the patient has overt clinical symp- 
toms of periapical inflammation) and asymptomatic apical 
periodontitis. The latter diagnostic term is used when 
there are no clinical signs present (except for a sinus tract) 
and the supposed inflammatory reaction is disclosed 
only by radio graphically visible apical bone destruction. 
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Case study 9 

A sinus recess simulating apical periodontitis 

The upper left second molar in this case was endodonti- 
cally treated (a) and thereafter used as an abutment tooth 
in a fixed partial denture. Two years later, at a routine 
check-up, the periapical radiograph showed a large 
radiolucent area at the apical region of the tooth (b). 



Since both non-surgical and surgical retreatment in this 
case implied risk for complications it was considered cost 
effective to use the more expensive cone beam computed 
tomography (CBCT) (34) for a detailed image of the peri- 
apical area. The CBCT examination showed that a recess 
in the maxillary sinus mimicked a periapical bone 
destruction and disease could be ruled out (c). 
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Case study 10 

Periapical healing with scar tissue 

A 40-year-old man presented at the clinic with a slight 
buccal swelling in the area of the right lateral incisor. A 
radiograph (a) disclosed that the tooth was root filled 
and apicectomized. After discussion with the patient a 
surgical re-entry was scheduled and a new root-end fill- 
ing was placed. At a follow-up examination 2 years post- 
operatively (b) an apical radiolucency was still visible. 
However, the periodontal contour seemed to be intact 
and the case was examined by CBCT (c). The latter 
showed a " through and through" bone destruction and 
a continuous lamina dura was observed surrounding the 
tooth. The case was classified as healed with scar tissue. 

Comment'. Healing with scar tissue is rarely observed after 
non-surgical endodontic treatment. However, in cases 
treated surgically parts of the buccal bone plate are nor- 
mally removed and if the lesion has penetrated the pala- 
tal wall a "through and through" bone cavity will be 
created. In such situations collagen-rich connective tissue 
might fill out the cavity and prevent bone replacement. 
The case illustrates a typical radiographic image of scar 
healing: an intact periodontal membrane and an apical 
radiolucency at a distance from the root. 



Courtesy of Dr Miguel Aranibar. 
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Case study 1 1 

Differential diagnosis between granuloma and 
radicular cyst 

There are no specific signs related to periapical bone 
destruction or the surrounding bone structures that can 
be used to differentiate between a granuloma and an 
apical cyst. However, the more extensive the lesion the 
higher the probability of a cyst. In this case a large peri- 
apical bone destruction at the right lower canine extend- 
ed over the periapical area of the lower incisors (a). The 
diagnostic question was whether root canal infection in 
two or more teeth had caused the lesion, resulting in a 
large continuous bone cavity, or if the periapical radiolu- 
cency corresponded to an apical cyst emanating from 



one tooth only (the right lower canine). A CBCT exami- 
nation revealed that the bone destruction enclosed the 
periapical region in the lower right canine end extended 
buccally to the periapical region of the incisors and thus 
probably represented an apical cyst (b). 

Comment: A differential diagnosis is important only if it 
makes a difference for the treatment and/or the progno- 
sis. In this case it was important to know if one or more 
teeth were involved in the process. In a situation like this 
vitality testing of the teeth is mandatory. However, if 
there are excessive amounts of reparative dentin there is 
a risk of a false test response and the interpretation of the 
radiograph will be all important. 
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Case study 12 

Condensing osteitis/sclerosing apical periodontitis 

The right lower first molar was endodontically treated 
because of a pulp exposure. The preoperative radiograph 
showed a periapical radiopacity (a). The case was pulp- 
ectomized and root canals were filled (b). At an examina- 
tion 6 years postoperatively, the radiopacity seemed to 
be resolved. 



Comment: The reasons for the development of sclerosing 
periapical bone reactions are not clear. It is often sug- 
gested that a low-grade irritant will cause such a response 
(see also Chapter 7). 
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Case study 13 

Malignant tumor 

A 60-year-old man visited his dentist for emergency care 
beause of pain localized to the back teeth of the right 
upper jaw. At examination there were no remarkable 
findings either clinically or radiographically and the pain 
symptoms the patient reported were interpreted as pul- 
pitis. The pain was of the character that urgent treatment 
was deemed necessary. Both teeth 16 and 15 had been 
well restored many years ago, 15 with a porcelain fused 
to metal crown. While both teeth were thought to be 
candidates for the ailment, the dentist opened tooth 16 
and found a necrotic pulp and believed the right tooth 
had been localized. The pain condition did not resolve in 
spite of careful instrumentation and medication of the 
root canals. A few days later, the dentist therefore also 
decided to open tooth 15 and had the same finding of a 
necrotic pulp. This time the patient became asymptom- 
atic but only for a few weeks. Although not in severe 
pain any longer, a swelling had emerged in the palatal 
mucosa and the patient now sought emergency care yet 
again and received an incision and drainage procedure. 
The swelling did not disappear and following another 
attempt for incision and drainage as well as treatment 
with antibiotic, not only did the swelling remain but 
another one appeared distal to the first one. At this point 



in time (6 weeks after the first treatment) the patient was 
referred for specialist evaluation and it was eventually 
confirmed that the condition was not of endodontic ori- 
gin but a manifestation of a primary tumor of malignant 
lymphoma. 

Comment: While the diagnosis of endodontic disease 
conditions in most cases is reasonably straightforward it 
is important to be watchful for false leads. In this particu- 
lar case there were several warning signals of a misdiag- 
nosis, (i) It is unusual that two properly restored teeth 
without caries develop pulpitis and pulp necrosis simul- 
taneously, (ii) While a periapical abscess may drain off in 
different directions and even towards the palate it is 
important that pus drainage is confirmed upon an inci- 
sion and drainage procedure. This was not the case at 
either occasion, (iii) A comparison with a radiograph 
taken 10 years earlier (c) would have revealed that the 
lower border of the maxillary sinus was missing in the 
primary radiograph (a) as well as in the trial file radio- 
graph (b). (iv) At no occasion could periapical radiolu- 
cencies be detected in the radiographs taken both at the 
start and during later treatment sessions, (v) The maxil- 
lary sinus appeared dense, suggesting soft-tissue pres- 
ence. Collectively these observations strongly indicate a 
different etiology for the patient's symptoms than an 
inflammatory condition of endodontic origin. 




References 

1. Arendt-Nielsen L, Svensson P. Referred muscle pain: basic 
and clinical findings. Clin. J. Pain 2001; 17: 11-19. 

2. Baume LJ. Diagnoses of diseases of the pulp. Oral Surg. 
1970; 29: 102-16. 

3. Bender IB, Seltzer S. Roentgenographs and direct observa- 
tion of experimental lesions in bone. /. Am. Dent. Assoc. 1961; 
62: 150-60, 708-16. 

4. Bender IB, Landau MA, Fonsecca S, Trowbridge HO. The 
optimum placement-site of the electrode in electric pulp 
testing of the 12 anterior teeth. /. Am. Dent. Assoc. 1989; 118: 
305-10. 



Bonica JJ. The Management of Pain. Philadelphia: Lea & 
Febiger, 1953. 

Brynolf I. Histological and roentgenological study of peri- 
apical region of human upper incisors. Odontol. Revy 1967; 
18: Suppl. 11. 

Dorland's Illustrated Medical Dictionary. Philadelphia: 
Saunders, 1965. 

Eddy DM. Variations in physician practice: the role of 
uncertainty. Health Affairs 1984; 3: 74-89. 
Evans D, Reid J, Strang R, Stirrups D. A comparison of laser 
Doppler flowmetry with other methods of assessing the 
vitality of traumatised anterior teeth. Endod. Dent. Traumatol. 
1999; 15: 284-90. 



254 Diagnostic Considerations and Clinical Decision Making 



10. Feinstein AR. A bibliography of publications on observer 
variability./. Chron. Dis. 1985; 38: 619-32. 

11. Friend LA, Glenwright HD. An experimental investigation 
into the localization of pain from the dental pulp. Oral Surg. 
1968; 25: 765-74. 

12. Gale J, Marsden P. Medical Diagnosis: from Student to Clinician. 
Oxford: Oxford University Press, 1983. 

13. GlickDH. Locating referred pulpal pain. Oral Surg. 1962; 15: 
613-23. 

14. Gopikrishna V, Tinagupta K, Kandaswamy D. Evaluation 
of efficacy of a new custom-made pulse oximeter dental 
probe in comparison with the electrical and thermal tests 
for assessing pulp vitality./. Endod. 2007; 33: 411-14. 

15. Heithersay GS. Invasive cervical resorption following trau- 
ma. Aust. Endod. J. 1999; 25: 79-85. 

16. Himmel VT. Diagnostic procedures for evaluating pulpally 
involved teeth. Curr. Opin. Dent. 1992; 2: 72-7. 

17. Holan G, Fuks AB. The diagnostic value of coronal dark- 
gray discoloration in primary teeth following traumatic 
injuries. Pediatr. Dent. 1996; 18: 224-7. 

18. Ingle JI, Glick DH. Differential diagnosis and treatment of 
dental pain. In: Endodontics (Ingle JI, Bakland LK, eds). 
Philadelphia: Williams & Wilkins, 1994; 524-49. 

19. Izumi T, Kobayashi I, Okamura K, Sakai H. 
Immunohistochemical study on the immunocompetent 
cells of the pulp in human non-carious and carious teeth. 
Arch. Oral Biol. 1995; 40: 609-14. 

20. Jacobsen I. Criteria for diagnosis of pulp necrosis in trauma- 
tized permanent incisors. Scand. ]. Dent. Res. 1980; 88: 
306-12. 

21. Jacobsen I, Kerekes K. Long-term prognosis of traumatized 
permanent anterior teeth showing calcifying processes in 
the pulp cavity. Scand. ]. Dent. Res. 1977; 85: 588-98. 

22. Kassirer JP, Kopelman RI. Learning Clinical Reasoning. 
Baltimore: Williams & Wilkins, 1991. 

23. Kullendorff B, Peterson K, Rohlin M. Direct digital radiog- 
raphy for the detection of periapical bone lesions: a clinical 
study. Endod. Dent. Traumatol. 1997; 13: 183-9. 

24. Lilja J. Sensory differences between crown and root dentine 
in human teeth. Acta Odontol. Scand. 1980; 38: 285-94. 

25. Lundy T, Stanley HR. Correlation of pulpal histopathology 
and clinical symptoms in human teeth subjected to experi- 
mental irritation. Oral Pathol. 1969; 27: 187-201. 

26. Michaelson PL, Holland GR. Is pulpitis painful? Int. Endod. 
]. 2002; 35: 829-32. 

27. Mitchel DF, Tarplee RE. Painful pulpitis. A clinical and 
microscopic study. Oral Surg. 1960; 38: 1360-81. 

28. Mjor I, Heyeraas K. Pulp-dentine and periodontal anatomy 
and physiology. In: Essential Endodontology (Orstavik D, Pitt 
Ford TR, eds). Oxford: Blackwell Munksgaard, 2008; 10-43. 

29. Mumford JM. Evaluation of gutta percha and ethyl chloride 
in pulp testing. Br. Dent. J. 1964; 116: 338-42. 

30. Mumford JM. Toothache and Orofacial Pain. London: Churchill 
Livingstone, 1976. 



31. Mumford JM, Newton AV. Convergence in the trigeminal 
system following stimulation of human teeth. Arch. Oral 
Biol. 1971; 16: 1089-97. 

32. Nanci A. Ten Cate's Oral Histology, Development, Structure, 
and Function. St Louis: Mosby, 2003; 269-73. 

33. Pantera EA, Anderson RW, Pantera CT. Use of dental 
instruments for bridging during electric pulp testing. 
/. Endod. 1992; 18: 37-8. 

34. Patel S, Dawood A, Ford TP, Whaites E. The potential appli- 
cations of cone beam computed tomography in the man- 
agement of endodontic problems. Int. Endod. J. 2007; 40: 
818-30. 

35. Peter sson K, Soderstrom C, Kiani-Anaraki M, Levy G. 
Evaluation of the ability of thermal and electrical tests to 
register pulp vitality. Endod. Dent. Traumatol. 1999; 15: 
127-31. 

36. Petersson K, Wennberg A, Olsson B. Radiographic and clini- 
cal estimation of endodontic treatment need. Endod. Dent. 
Traumatol. 1986; 2: 62-4. 

37. Reit C, Hollender L. Radiographic evaluation of endodontic 
therapy and the influence of observer variation. Scand. J. 
Dent. Res. 1983; 91: 205-12. 

38. Reit C, Kvist T. Endodontic retreatment behaviour: the 
influence of disease concepts and personal values. Int. 
Endod. J. 1998; 31: 358-63. 

39. Ringsted J, Amtrup C, Asklund P, Baunsgaard HE, 
Christensen L, Hansen L. et al. Reliability of histopathologi- 
cal diagnosis of squamous epithelial changes of the uterine 
cervix. Acta Pathol. Microbiol. Immunol. Scand. 1978; 86: 
273-8. 

40. Robertson A, Andreasen FM, Bergenholtz G, Andreasen JO, 
Noren JG. Incidence of pulp necrosis sunsequent to pulp 
canal obliteration from trauma of permanent incisors. 
/. Endod. 1996; 22: 557-60. 

41. Seltzer S, Bender IB, Zionz M. The dynamics of pulp inflam- 
mation: correlation between diagnostic data and actual 
histologic findings in the pulp. Oral Surg. 1963; 16: 846-77. 

42. Sharav Y, Leviner E, Tzukert A, McGrath PA. The spatial 
distribution, intensity and unpleasantness of acute dental 
pain. Pain 1984; 20: 363-70. 

43. Soxman JA, Nazif MM, Bouquot J. Pulpal pathology in rela- 
tion to discoloration of primary anterior teeth. ASDC Dent. 
Child. 1984; 51: 282-4. 

44. Warfvinge J, Bergenholtz G. Healing capacity of human 
and monkey dental pulps following experimentally induced 
pulpitis. Endod. Dent. Traumatol. 1986; 2: 256-62. 

45. Wulff HR, Gotzsche PC. Rational Diagnosis and Treatment. 
Oxford: Blackwell Science, 2000. 

This important book covers the theoretical foundations of diag- 
nostic and therapeutic decision making and expands on the knowl- 
edge presented in the present chapter. It also contains reasoning 
on clinical research methodology and how to read scientific 
articles. 



Chapter 15 

Diagnosis and management of endodontic 
complications after trauma 

John Whitworth 



Introduction 

Blows to the mouth can transmit sufficient energy to 
fracture teeth, displace teeth or fracture alveolar bone. 
The immediate consequences may appear obvious and 
dramatic (Fig. 15.1) or seemingly quite trivial, but in 
many circumstances, the true picture takes time to 
emerge. Complications can be serious in the long term, 
resulting not only in the loss of vital pulp functions, but 
in the gradual or rapid destruction of tooth structure by 
resorptive processes. Clinicians should consequently be 
aware that their emergency care must be followed by a 
structured program of review appointments, if complica- 
tions are to be identified early and treated with success. 
The purpose of this chapter is to outline important 
considerations in the management of teeth which have 
suffered trauma. It will examine how trauma can make 
the pulp vulnerable to breakdown and infection, how 
trauma complicates pulp diagnosis and treatment plan- 
ning and how pulp infection may combine with other 
injuries to promote secondary conditions such as root 
resorption. Some of the endodontic and restorative chal- 
lenges presented by traumatized teeth with immature, 
fractured or resorbed roots will also be discussed. 



Common dental injuries 

Traumatic injuries to the teeth include fractures, luxa- 
tions and combinations of the two. Tooth fractures may 
be confined to the structure of the crown or the root, or 
involve both. They may be classified according to their 
position, the degree of tooth tissue loss and whether or 
not they are complicated by direct exposure of pulp 
tissue to the oral environment (see Table 15.1 and 
Fig. 15.2). Intra-alveolar "horizontal" root fractures often 
run obliquely, but are usually classified according to their 
horizontal level as apical, mid-root or coronal third 
fractures (Fig. 15.2d). Horizontal root fractures detach 
the coronal part of the tooth from the remainder of the 
root, and may potentially disrupt the pulp's neurovascu- 
lar supply at the fracture line, though they rarely expose 
pulp tissue to the mouth. Fractures may be undisplaced 
and difficult to identify with certainty (Fig. 15.2e), but if 
the crown is also luxated, the fracture will be displaced 
and more readily identified (Fig. 15.2f). 

Luxation is an injury where the tooth has been loos- 
ened from its alveolus to a varying extent (see Table 15.2 
and Fig. 15.3). Following minor injury, there may be no 
permanent dislocation of the tooth. More severe injuries 




Fig. 15.1 The consequences of trauma 
may appear obvious, but time may reveal 
lesser injuries, including those in adjacent 
teeth, to be equally serious in the long 
term. (Courtesy of Dr Ben Cole.) 
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Table 1 5.1 Tooth fractures - classification, clinical features and risks of complication (see also Fig. 1 5.2). Percentages derived from Andreasen et al. (7). 



Description 



Definition 



Presenting symptoms 



Risk of pulp death 



Risk of resorption-promoting 
root-surface injury 



Uncomplicated crown 


Fracture of enamel and 


Exposed dentin may be 


Minimal if dentin covered 


Minimal 


fracture 


dentin with no visible pulp 
exposure 


sensitive 


promptly 




Complicated crown 


Fracture of enamel and 


Exposed dentin and pulp 


Low if pulp capped and 


Minimal 


fracture 


dentin, with visible pulp 
exposure 


tissue may be sensitive 


dentin protected promptly 




Crown/root fracture 


Fracture of enamel and 


Coronal fragment may be 


Low if pulp capped and 


Minimal 




dentin extending onto the 


mobile. Exposed dentin and 


dentin protected promptly 






root of the tooth which may 


pulp may be sensitive 








or may not involve the pulp 








Root fracture 


Fracture of the root at any 


Clinical crown may be 


Coronal fragment: 20-40% 


Areas of coronal fragment 




level, usually involving the 


displaced or mobile 


Apical fragment: usually 


may be crushed at points of 




pulp 




remains vital 


compression against the 
alveolus and at risk 



Low risk 



Moderate risk 



High risk 







(a) 



(b) 



(c) 






v (f) 



Fig. 15.2 Fractured teeth, (a) Uncomplicated 
crown fracture, (b) Complicated crown fracture, 
(c) Crown-root fractures, which may or may not 
directly involve the pulp, (d) Intra-alveolar 
"horizontal" root fractures in the coronal, middle 
or apical root third. Although the pulp is invariably 
involved in the fracture line, it may not be directly 
exposed to the oral environment, (e) Undisplaced 
intra-alveolar "horizontal" root fracture. Radio- 
graphically (inset) the fracture may be difficult to 
detect, or may be misinterpreted as more than one 
fracture line with an apparent island of tooth tissue 
interposed between them, (f) Displaced intra- 
alveolar fracture following concomitant luxation 
and displacement of the crown. 
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Table 15.2 Tooth luxation - classification, clinical features and risks of complication (see also Fig. 15.3). Percentages derived from Andreasen etal. (7). 



Description 



Definition 



Presenting symptoms 



Risk of pulp death 



Risk of resorption-promoting 
root-surface injury 



Concussion 


Movement of a tooth within its 
socket which is insufficient to 
displace the tooth, but may 
damage the attachment 
apparatus and apical 
neurovascular bundle 


Tooth may be tender to touch 
or percussion, but has no 
increased mobility and is not 
displaced 


Open apex: minimal 
Closed apex: <5% 


Minimal 


Subluxation 


Movement of a tooth within its 
socket which is insufficient for 
permanent displacement, but 
may increase mobility 


Tooth may be tender and 
mobile to touch and under 
biting pressure 


Open apex: minimal 
Closed apex: 5% 


Minimal 


Lateral luxation 


Lateral movement of a tooth, 
sufficient for the tooth to be 
permanently displaced in a 
buccolingual or mesiodistal 
direction 


Tooth may be painfully 
interfering with the occlusion 


Open apex: 9% 
Mature apex: 77% 


High in localized areas of 
root compression against 
the alveolus 


Intrusive luxation 


Vertical displacement of a tooth 
in an apical direction, driving 
the root apex through the floor 
of the bony socket 


Tooth may have totally or 
partially disappeared from view 


Open apex: 62% 
Mature apex: 100% 


High risk in areas of 
compression against the 
alveolus 


Extrusive luxation 


Incomplete vertical 
displacement of a tooth in a 
coronal direction from its bony 
socket 


Tooth is extruded, may be 
mobile or interfering with the 
occlusion 


Open apex: 9% 
Mature apex: 55% 


Minimal - injuries generally 
tear rather than crush the 
periodontium 


Avulsion 


Complete displacement of a 
tooth from its bony socket 


Tooth may be absent or 
partially/completely reimplanted 
into its socket 


Open apex: 25% 


Highly variable, depending 
on extra-alveolar time, 


Mature apex: 100% 


extraoral dry time and 
handling 




Moderate risk 



High risk 





Fig. 1 5.3 Luxated teeth, (a) Lateral luxation - may sever the pulp's neurovascular supply and compress areas of the root against the alveolus, (b) Intrusive luxa- 
tion - invariably disrupts the pulp's neurovascular supply and drives the root end into the alveolus, (c) Extrusive luxation - may disrupt the pulp's neurovascular 
supply; periodontal fibers are torn rather than crushed, (d) Avulsion - complete loss of the tooth from the alveolus severs the pulp's neurovascular supply and 
exposes the root surface to considerable risk of damage. 
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Table 1 5.3 Alveolar fracture - classification, clinical features and risks of dental complication. 



Description 



Definition 



Presenting symptoms Risk of pulp death 



Risk of resorption-promoting 
root-surface injury 



Alveolar bone 
fracture 


Fracture of tooth - 
supporting bone 


Affected teeth may be 
mobile or displaced singly 
or en masse 


Highly variable; greatest risk in teeth 
with mature apices that are directly 


Highly variable; greatest risk in 
teeth directly involved in the 


involved in the fracture line 


fracture line 



Low risk 



Moderate risk 



High risk 



can dislocate teeth in a lateral, apical or coronal direction 
or even displace them completely from the alveolus 
(avulsion) (Fig. 15.3d). 

Fractures to the alveolar process may cause individual 
or groups of teeth to become mobile, disrupt the neuro- 
vascular supply to their pulps resulting in transient or 
permanent loss of pulp functions (Table 15.3), or damage 
the surface of their roots. 

The following sections will examine in greater detail 
how different types of injury endanger the pulp and 



integrity of the root surface, and how unwanted compli- 
cations may arise. 

Dental trauma and its consequences 

Flow diagram 15.1 provides a schematic overview of 
the complications, which may follow traumatic dental 
injuries. 




Luxation 



Pulpitis 



Pulp neurovascular 
injury 



Pulp necrosis 
(microbially mediated) 



Pulp necrosis 
(sterile, ischemic) 



Internal inflammatory 

root resorption 

(associated with partial pulp 

breakdown) 





External inflammatory 
root resorption 



Dentoalveolar anchylosis/ 
replacement resorption 



Flow diagram 1 5.1 Schematic representation of complications after traumatic dental injury. 
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Core concept 15.1 



(a) Complete, as apical 
vessels severed 



Trauma threatens pulp survival by: 

(1) Exposing dentin and pulp to the mouth. 

(2) Disrupting pulp blood supply. 

(3) Altering pulp responses to diagnostic tests, and risking the 
unnecessary extirpation of a recovering pulp. 

(4) Obliteration of the pulp space by mineralized tissue 
(contentious). 



Traumatic injuries and the pulp 

Both fracture and luxation injuries can have serious 
implications for the short- and long-term functions of the 
pulp (see Core concept 15.1). 



Fractures 

Uncomplicated crown fractures (Table 15.1, Fig. 15.2a) 
expose dentinal tubules to the mouth and create a poten- 
tial gateway for pulp infection. The pulp is often in a 
healthy condition at the time of injury, and defensive 
mechanisms within the dentin-pulp complex protect the 
pulp from significant microbial invasion provided the 
exposed tissue is appropriately covered. More severe 
fractures which directly expose the pulp to the oral envi- 
ronment (Fig. 15.2b, c) may risk significant pulp infection 
and breakdown, but if properly managed by conserva- 
tive non-invasive treatment (see further below and 
Chapter 4), there is a good chance of long-term pulp 
survival. 

Luxations 

On the other hand, luxation injuries frequently threaten 
the vital functions of the pulp. Neurovascular bundles 
are often torn when teeth are displaced or involved in 
fractures. At its most extreme, this may cause immediate, 
avascular necrosis of pulp tissue lying peripheral to the 
neurovascular tear (Fig. 15.4). Less severe disruption 
may cause only temporary ischemic injury of the pulp, 
but this may nevertheless reduce its defensive capacity 
and leave it vulnerable to otherwise trivial microbial 
challenges. Finally, an altered neurological response may 
complicate pulp diagnosis and result in the unnecessary 
extirpation of a healthy but non-responsive pulp (see 
further below, Diagnostic quandaries). 

Another cause of neurovascular damage is from inter- 
nal bleeding, due to rupture of the larger blood vessels in 
the pulp tissue per se. The bleeding reaction, if extensive, 
may result not only in reddening and later graying of the 
crown (38), but in breakdown of the entire tissue within 
a very short period of time. 




(b) Partial, as apical 
portion remains 
perfused 




Fig. 1 5.4 Avascular necrosis after serious disruption of the pulp's neurovas- 
cular supply, (a) Complete, after displacement of a tooth with a mature apex. 
In teeth with open, immature apices, there is a reasonable prospect that the 
pulp may revascularize and recover, (b) Partial, after horizontal root fracture. 
Coronal pulp breakdown is not inevitable, but even if the pulp tissue in the 
coronal portion loses vitality, the apical fragment usually remains vital. 



Only in teeth with immature, open apices can pulp 
revascularization be expected after significant displace- 
ment or avulsion (Table 15.2). Teeth with mature apices 
have limited capacity for pulp regeneration through the 
narrow apical foramen and complete, avascular pulp 
necrosis is almost certain after avulsion or intrusive luxa- 
tion, and highly likely after extrusive or lateral luxation. 

The prospects of pulp revascularization are generally 
higher in both mature and immature teeth after horizon- 
tal root fracture, and the well-perfused pulp of the apical 
fragment invariably remains vital even if complete pulp 
breakdown occurs in the coronal fragment. The level of 
the fracture line may have a significant bearing on out- 
come, with the greatest risk of coronal pulp breakdown 
after fractures involving the coronal third of the root (see 
Key literature 15.1). 

Sterile, necrotic pulps may persist quietly in that state 
for many years, and are incapable of initiating or propa- 
gating apical periodontitis (9, 44). They do, however, 
provide a nutritious environment for microbial coloniza- 
tion, an event which will trigger the development of 
periapical inflammation and its consequences. In an 
apparently intact tooth with no obvious fractures, the 
likelihood of microorganisms invading the necrotic pulp 
may seem remote. But without a constant outflow of 
dentinal fluid, dentinal tubules present defenseless 
portals for microbial entry through exposed dentin 
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Key literature 15.1 



Andreasen et al. (5, 6) reviewed 400 intra-alveolar root fractures in 
children and adolescents to identify factors associated with different 
healing patterns. Clinical and radiographic findings showed that 120 
out of 400 teeth (30%) healed by hard-tissue fusion of the tooth frag- 
ments. Soft tissue (possibly periodontal ligament) alone was found in 
170 teeth (43%), bone and soft connective tissue (possibly peri- 
odontal ligament) in 22 teeth (5%), and inflammatory tissue associ- 
ated with necrosis of the coronal fragment in 88 teeth (22%). The 
preinjury and injury-related factors with the greatest influence on 
hard-tissue healing and pulp survival in the coronal fragment were 
patient age, stage of root development (i.e. the diameter of the pulp 
at the fracture site), mobility of the coronal fragment and the degree 
to which the coronal fragment had been displaced from the apical 
fragment. 

When initial displacement of the coronal fragment was 1 mm or 
less, optimal repositioning and providing a splint, which allowed 
some degree of flexibility, promoted pulp survival and hard-tissue 
union. Splinting beyond 4 weeks conferred no additional benefit, and 
outcomes were not markedly worsened if treatment was delayed by 
a few days. 



surfaces, around restoration margins and even through 
microcracks in the overlying enamel (27). Direct pulp 
exposure allows unimpeded access for the oral flora. 
More contentious is the concept of anachoresis, where 
microorganisms gaining entry to the circulation from a 
variety of body sites (including the oral cavity and the 
gut) may be transported and seeded into areas of necrotic 
pulp tissue (37). It is rare for organisms other than oral 
residents to be recovered from infected pulp canals, sug- 
gesting that this may not be a major route of colonization 
(see Chapter 6). 

Obliteration of the pulp space by mineralized tissue 

Pulp volume diminishes throughout life by the physio- 
logical apposition of secondary dentin and by the depo- 
sition of tertiary dentin in response to localized insults. 
An additional and distinctive mineralized response is the 
accelerated formation of hard tissue after trauma; this 
may partially or completely obliterate the pulp space, 
particularly of young teeth (1). The incidence is highest 
after luxation injuries and changes may be identified as 
early as 3 months after injury, though 12 months is more 
common (Fig. 15.5; see also Fig. 2.9) (1). The mechanisms 
of this response are incompletely understood, though it 
has been postulated that odontoblasts, and perhaps 
other mesenchymal cell populations within the pulp, 
may lose autonomic regulatory control during neurovas- 
cular injury and regeneration, resulting in accelerated 
and disorganized hard-tissue deposition. 

Histopathologically, the tissue often resembles osteo- 
dentin with an irregular tubular pattern and a maze of 




Fig. 15.5 Accelerated pulp obliteration by mineralized tissue in tooth 21 
after trauma. The adjacent tooth 11 suffered pulp necrosis and arrested root 
development (see also Fig. 2.9). 

spaces and cul-de-sacs containing pulp cells which have 
become trapped within the rapidly deposited material 
(1). Clinically, the tooth may take on a yellow, or occa- 
sionally gray, hue as a result of the thickened and less 
translucent coronal dentin. 

From a practical standpoint, it is important to under- 
stand whether pulp canal obliteration represents a 
degenerative change, leading ultimately to pulp break- 
down and infection, and whether interventions to 
improve the appearance of the tooth such as orthodontic 
movement, veneer or crown preparation make these 
events more likely. A perennial question, which flows 
from this, is whether prophylactic root canal treatment is 
indicated to prevent apical periodontitis in all teeth that 
show signs of pulp space obliteration. A related question 
is whether there is any realistic hope of successfully 
treating pulp infection in an obliterated pulp space. As 
a worst-case scenario, Jacobsen and Kerekes (24) (see 
Key literature 15.2) observed apical periodontitis on 
21% of teeth with complete pulp obliteration during a 
10-23-year review period. They concluded that routine 
prophylactic root canal treatment could not be justified 
in all teeth showing signs of pulp space obliteration. 
Similar conclusions were drawn by Robertson et al. in 
1996 (36); they found evidence of pulp necrosis in only 
8.5% of teeth with pulp canal obliteration during a mean 
observation period of 16 years. This study provided 
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Jacobsen and Kerekes (24) followed 122 traumatized anterior teeth 
with abnormal hard-tissue development in their pulp chambers for 
1 0-23 years (mean 1 6 years) in order to assess the progress of hard- 
tissue deposition and determine the risk of pulp breakdown with api- 
cal periodontitis. Overall, 44 teeth (36%) persisted in a partially 
obliterated state, while 78 (64%) went on to complete obliteration. 
None of the partially and 16 (21%) of the completely obliterated 
teeth developed apical periodontitis. Significantly, 45 of the 52 teeth 
(86%) with severe injuries (luxation, extreme subluxation, root frac- 
ture with dislocation and deep coronal dentin fracture), compared 
with 26 of the 51 teeth (51%) with moderate injuries (slight sublux- 
ation, undisplaced root fracture, enamel or shallow coronal dentin 
fracture), developed complete obliteration. Again significantly, ten of 
the 52 severely injured (21%) and only two of the 51 of the moder- 
ately injured teeth (4%) developed apical periodontitis. Other risk 
factors for late pulp breakdown included complete root formation at 
the time of injury, and a relatively rapid rate of mineralization. 

It was concluded that even if 21 % of completely obliterated teeth 
developed pulp necrosis and apical periodontitis, this was insufficient 
justification to routinely conduct root canal treatment on all teeth 
with signs of pulp space obliteration. 



J 



further insight into the impact of caries, new trauma, 
orthodontic treatment and crown/veneer preparation on 
pulp survival. None of these additional insults had a 
significant impact on pulp survival, and it was concluded 
that, although the incidence of pulp necrosis increased 
with time in teeth with pulp canal obliteration, routine 
prophylactic endodontics did not seem justified (1, 36). 

In the event of pulp breakdown, clinical data from the 
early 1980s (16) suggest that root canal treatment is pos- 
sible and can result in complete healing in 80% of cases. 
The situation may well have improved in the light of 
contemporary microscope-assisted endodontic practice 
for canal detection, and developments in endodontic 
microsurgery may have created additional possibilities 
for the successful management of teeth which cannot be 
treated non-surgically. 

Consequences of pulp breakdown and infection 
after trauma 

Key endodontic consequences of pulpal necrosis and 
subsequent infection after trauma include inflammatory 
bone resorption, inflammatory root resorption and the 
arrest of dental development. 

Inflammatory bone resorption 

As described in Chapter 7, infected pulps cause inflam- 
matory lesions in the alveolar bone adjacent to any portal 
of pulp-periodontal communication. It is critical to note 
that teeth damaged by trauma may present new path- 



ways of communication which did not exist previously, 
such as fractures through the body of the root and 
tubular communications through dentinal tubules which 
have been made patent by the loss of root-surface cemen- 
tum. Damage to the root surface is least likely when the 
periodontal ligament is stretched or torn, and most likely 
when the periodontium is crushed, dehydrated, handled 
or heavily soiled. Tables 15.1-15.3 present the likely risks 
of root-surface injury associated with different categories 
of trauma. Tooth avulsions, which expose the whole root 
surface to injury (Fig. 15.3d), and lateral and intrusive 
luxations which drive areas of the root against the walls 
of the alveolar socket (Fig. 15.3a, b) present the greatest 
risk. Open dentinal tubules, combined with an infected 
pulp, provide the conditions for periradicular inflamma- 
tion in the bone adjacent to the open tubules, and for 
external inflammatory root resorption, a particularly 
damaging and unwanted complication. 

Inflammatory root resorption 

While alveolar bone exists in a state of constant remodel- 
ing, the intact teeth which it supports are usually unaf- 
fected. The most likely explanation is that incompletely 
mineralized layers of predentin and precementum cover 
the internal and external surfaces of teeth, respectively, 
and inhibit resorptive activity (47). Injuries, which cause 
these surfaces to be damaged, lost or mineralized make 
them vulnerable to resorption, as mononuclear phago- 
cytes rapidly migrate to the area and coalesce to form 
multinuclear clastic cells of the monocyte lineage, termed 
"odontoclasts". Resorption is likely to commence soon 
after, but may be short-lived. The activity of clastic cells 
requires constant stimulation and in the absence of a 
propagating stimulus, the resorption will be only 
"transient" (46). These "surface" resorption defects arrest 
within 2-3 weeks and are repaired by cementum-like 
material. If, on the other hand, there is a propagating 
stimulus, such as periradicular inflammation caused by 
pulp-space infection (Fig. 15.6a), resorption is likely to 
progress: " external inflammatory root resorption". Hard 
tissue can be destroyed rapidly and there is great danger 
in watching and waiting if areas of external root resorp- 
tion are identified on teeth with non- vital pulps. Removal 
of the propagating stimulus predictably arrests external 
inflammatory root resorption. Cvek (14) reported 97% 
success after treatment, which included an interim 
calcium hydroxide dressing. The need for intracanal 
medication with calcium hydroxide is by no means 
certain, however (14). 

External inflammatory root resorption is usually iden- 
tified on routine radiographic review as punched-out 
areas of hard-tissue loss from the root surface (Fig. 15.6b), 
associated with radiolucent areas in the adjacent alveolar 
bone. Lesions on the labial or lingual root surface can be 
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Fig. 15.6 External inflammatory root resorption, (a) Propagated by an infected, necrotic pulp. Trauma has resulted in concomitant root surface injury and pulp 
breakdown. Secondary infection of the pulp provides the propagating stimulus necessary for progressive resorption, microbial elements diffusing to the root sur- 
face through patent dentinal tubules, (b) A characteristically punched-out area the of root surface with an associated bone radiolucency. (c) Labially or palatally 
placed lesions shift with changes of radiographic angle and may be superimposed by the "tram-lines" of the pulp canal walls. 



confused with internal resorption (see Fig. 15.8), but a 
change in the radiographic angle usually reveals that the 
lesion moves in relation to the root canal, and the lateral 
margins of the pulp canal are usually superimposed 
(Fig. 15.6c). Exciting developments in the diagnostic 
imaging of resorptive lesions (13, 33) are introduced in 
Advanced concept 15.1. 

External inflammatory root resorption can arise at any 
level of the root surface and may present in the cervical 
region where it communicates with the oral environ- 
ment: "cervical" or "extracanal invasive" resorption 
(Fig. 15.7a). Although the pathogenesis is incompletely 
understood, traumatic injury to the cervical part of the 
root has been suggested as a risk factor (23), and the 
infected pulp space may again serve as the propagating 
stimulus. It must, however, be borne in mind that such 



lesions may also occur in teeth which have no known 
history of trauma and in teeth with healthy pulps. Some 
considerations in the clinical management of cervical 
resorption are outlined in Advanced concept 15.2. 

Internal inflammatory root resorption 

A similar process, internal inflammatory root resorption, 
may arise within a tooth after damage or mineralization 
of areas of predentin lining the pulp chamber (Fig. 15.8). 
This could arise after a blow which causes intrapulpal 
hemorrhage and localized compression with death of 
odontoblasts. Damaged surfaces, or surfaces which have 
become mineralized following direct exposure to tissue 
fluids, are again believed to be colonized by clastic cells 
derived from mononuclear phagocytes (50), which begin 
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Imaging techniques are necessary to reveal the anatomical location 
of normal and pathological structures in three planes. The limitations 
of conventional plain-films are well recognized, but recent develop- 
ments in three-dimensional digital imaging, including computed 
tomography, magnetic resonance imaging and most recently cone 
beam computed tomography, have opened up exciting new opportu- 
nities for diagnosis and treatment planning. Cone beam tomography 
is rapidly becoming established as an invaluable tool in trauma man- 
agement, providing volumetric images of diagnostic resolution but 
without excessive cost or exposure to ionizing radiation. In the case 
of dental root resorption, it allows lesions to be accurately localized 
(external or internal, buccal or palatal), their volumetric extent to be 
assessed and any complications such as pulp/periodontal communi- 
cations and pathological root fractures to be identified; all critical to 
diagnosis, treatment and prognosis (13, 33). Further developments, 
including flat panel volumetric computed tomography, are likely to 
improve image resolution and diagnostic yield in years to come, mak- 
ing even the visualization of vertical root fractures and cracks a real- 
istic possibility (13). 




Fig. 15.7 Cervical resorption, (a) A characteristically placed lesion, which 
may be visible as a pink discoloration through the crown. The external entry 
point may be small, though the resorption burrows extensively within dentin, 
(b) Radiographic appearance. In this case, the lesion is extensive and has 
broad communication with the marginal periodontium, necessitating open 
debridement and restoration. 



Advanced concept 15.2 Cervical resorption 



Clinically, cervical resorption may be identified during the examina- 
tion of localized gingival inflammation around the neck of a tooth, or 
as a "pink spot" caused by invasion of the crown by vascular resorp- 
tive tissue. Careful exploration of the gingival crevice may reveal a 
small entry point from which the lesion may burrow extensively. 
Diagnosis is commonly a chance radiographic finding, with a charac- 
teristically sited radiolucency (Fig. 15.7b). 

Treatment note: Cervical resorptions may be propagated by the 
infected contents of the pulp canal, but unlike external inflammatory 
resorptions, which are sited more deeply, simple root canal treatment 
is not enough. The resorptive tissue must be formally eliminated by a 
combination of physical curettage and chemical means (most com- 
monly trichloroacetic acid) (23). On many occasions, this can be done 
internally, but where access is difficult, or where the area of commu- 
nication with the marginal periodontium is extensive, open (surgical) 
debridement is indicated. The defect is then repaired with an appro- 
priate restorative material, which seals the resorbed area from the 
oral environment. If the affected tooth has a vital pulp, open debride- 
ment and restoration are indicated without resorting to pulp 
extirpation. 



the process of transient (internal) root resorption. In 
many circumstances, the entire pulp will proceed to 
break down, denying nutrition to the clastic cells and 
arresting the resorptive process. In others, the pulp may 
recover, and in the absence of a propagating stimulus, 
resorption would be expected to cease within 2-3 
weeks. 

On rare occasions, the pulp may partially break down, 
with infected, necrotic pulp tissue coronally and vital 
pulp tissue persisting apically. Tissue at the interface 
persists in an inflamed state, under the influence of 
microbial elements within the necrotic coronal pulp. It 
has been postulated that branching, transverse commu- 
nications between dentinal tubules may provide a path- 
way for microbial products to act as a propagating 
stimulus for progressive internal inflammatory root 
resorption (Fig. 15.8a) (46). This form of resorption 
expands the pulp canal in a characteristically symmetri- 
cal, ballooning fashion. Internal root resorptions may be 
detected as a chance radiographic finding, or present 
with painful symptoms when the lesion has perforated 
the root surface. Occasionally, lesions affecting the 
coronal third of the root may cause pink discoloration of 
the crown. 

Internal and external inflammatory root resorptions 
can be confused radiographically, though it is unusual to 
observe the lateral margins of the pulp canal superim- 
posed on an internal resorption. Additionally, since 
internal resorption represents expansion of the canal, its 
relationship is unlikely to change with alterations of 
radiographic angle (Fig. 15.8a). 
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Fig. 15.8 Internal inflammatory root resorption. 

(a) Characteristic, symmetrical expansion of the pulp space is 
noted at the interface between necrotic and vital tissue. The 
resorbed area has a constant relationship to the pulp space 
with alteration of the radiographic horizontal angle. There 
are no superimposed "tram-lines" of the pulp chamber walls 
running across the resorbed area (compare with Fig. 15.6c). 

(b) Root canal filling with thermoplastic gutta-percha. 
(Courtesy of Dr Jeremy Hayes.) 



The conditions which must prevail for internal resorp- 
tion to develop (persistent partial pulp necrosis, suitable 
vertical communications through dentin) mean that this 
is a rare condition. Consequently, details of its pathogen- 
esis remain unclear, and there has been some debate 
whether the tissue at the interface between necrotic and 
vital pulp simply represents typical inflamed pulp tissue. 
One report (51) has suggested that this tissue differs 
markedly from normal pulp tissue, having either been 
replaced by ingrowing periodontal connective tissue, or 
undergone metaplasia to such. 

Whatever the details of its pathogenesis, internal 
resorption can progress rapidly and should be consid- 
ered a form of irreversible pulpitis, which needs immedi- 
ate treatment. It is predictably arrested if the propagating 
stimulus (infected pulp tissue) is removed by pulpecto- 
my, which also severs the blood supply to the resorbing 
cells. Notes on its clinical management are contained in 
Clinical procedure 15.1. 



Non-inflammatory root resorption 

Traumatized teeth can also be affected by replacement 
resorption. This is not a condition fuelled by necrotic 
pulp tissue, pulp infection or periapical inflammation, 
but is a case of mistaken identity during healing after 
extensive damage to the root surface. Injuries most often 
associated with extensive root-surface injury are intru- 
sive and lateral luxations, which crush the attachment 
apparatus against the alveolus (Fig. 15.3a, b). This type of 
resorption is also a common sequela to avulsions in 
which drying or scrubbing of the root surface, or storage 
of the tooth in an inappropriate solution causes signifi- 
cant cell death on the root surface (Fig. 15.9a). 

After repositioning or reimplantation, tissues around 
the damaged root may heal in two distinct patterns. 
Ideally, a periodontal ligament is fully re-established 
(Fig. 15.9b) following the migration of periodontal fibro- 
blasts to cover the areas of root which were denuded of 
cells. Complete re-establishment of the periodontal liga- 
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the management of 
internal inflammatory root 
resorption 



^v 



During the root canal treatment of internally resorbed teeth: 

Access is usually to a necrotic coronal pulp, but bleeding can be 
torrential as instruments advance into the intensely inflamed 
resorptive tissue. This can be controlled by instrumenting to full 
working length to sever the pulp's blood supply and by copious 
sodium hypochlorite irrigation. 

Tissue residing in the expanded area of the canal is impossible to 
instrument mechanically and should be eliminated by a combina- 
tion of sodium hypochlorite irrigation (often with ultrasonic activa- 
tion to throw irrigant into the expanded region) and intracanal 
medication, traditionally non-setting calcium hydroxide. For lesions 
which are located coronally, and which afford good visibility, con- 
sideration may be given to chemical debridement with trichloro- 
acetic acid (refer to Advanced concept 1 5.2). 
The expanded area is not amenable to filling with cold laterally 
condensed gutta-percha. Thermoplastic filling techniques are usu- 
ally best employed (Fig. 15.8b). 

Alternative materials such as MTA or fiber posts and composite 
may offer new opportunities for the rehabilitation of teeth whose 
canals have been hollowed out by internal resorption. 



ment protects the tooth from resorptive activity in the 
surrounding bone. Research work continues on local 
and systematic agents which may actively promote 
periodontal repair, such as enamel matrix proteins (39) 
and tetracyclines (in patients over 12 years of age) with 
their anticollagenolytic activity (12). 

Alternatively, and especially if the denuded area is 
extensive, bone cells may grow into direct continuity 
with areas of root dentin, fusing the root with bone 
(Fig. 15.9b, c). Healing to bone without a fibrous joint is 
termed dentoalveolar ankylosis, and is analagous to the 
fusion or osseointegration of an implant with bone. Once 
direct contact is established, cells in the alveolar bone 
will involve the tooth in its remodeling activity, and 
gradually replace it with bone: replacement resorption 
(Fig. 15.9d). 

Teeth with any degree of dentoalveolar ankylosis 
present with no physiological mobility and a characteris- 
tically bright percussion note as sound waves reverberate 
through the facial skeleton, rather than being dampened 
by a cushioning periodontal ligament. Radiographically, 
the periodontal ligament space in the area is not readily 
discerned. In time, the root will become increasingly dif- 
ficult to differentiate from bone (Fig. 15.9e). The speed at 
which the process develops varies, however, and it may 
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Fig. 15.9 Root surface healing after tooth avulsion, (a) Localized 
necrosis and loss of root surface periodontal tissues after tooth avul- 
sion, (b) The defect may be covered by migration of periodontal fibro- 
blasts and re-establishment of a periodontal ligament, or by migration 
of bone cells causing ankylosis, (c) Localized bony ankylosis will inevi- 
tably lead to progressive replacement resorption as the root becomes 
involved in bony remodeling, (d) Area of tooth undergoing replace- 
ment resorption, (e) Radiographic appearance of a tooth undergoing 
replacement resorption. There is no bony radiolucency indicative of 
inflammation and areas of the root are difficult to distinguish from 
bone. 
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take years or even decades for the root to be completely 
lost, the tooth remaining rock-solid throughout. Late 
complications may include gradual infraocclusion (espe- 
cially in the young) as adjacent teeth and their supporting 
alveoli adopt mature positions, and the development of 
periodontal infections as replacement resorption extends 
to communicate with the gingival crevice. 

There is no treatment to arrest or reverse replacement 
resorption, and all efforts should be made to minimize 
root surface damage and prevent it from developing in 
the first place. 

It should be understood that ankylosed teeth can also 
have infected pulps and that inflammatory resorption 
can coexist with replacement resorption. The aggressive 
inflammatory resorption once again responds predict- 
ably to conventional treatment, but thought may be 
given to the use of a root filling material, which may 
resorb as the root is inevitably lost to the slowly progress- 
ing replacement resorption. 

Arrest of dental development 

A primary role of dentists is to preserve pulp health until 
tooth development is complete (see Chapter 4). If 
complete pulp breakdown is unavoidable, or if pulp- 
preserving treatment fails, a tooth with an unfavorable 
crown/root ratio and a root with thin, fragile walls 
(Fig. 15.10a) may result. A wide and often diverging root 
apex complicates root canal treatment and restorative 
considerations must focus on coronal seal as well as rein- 
forcing the tooth against fracture. 

If immature teeth lose pulp vitality and root canal 
treatment is required, efforts should be made to clean the 




canal without undue loss of structurally important 
dentin. Cleaning can often be accomplished with ultra- 
sonically activated sodium hypochlorite, rather than 
extensive dentin removal (30). Closure of the root end 
has traditionally involved dressing the canal with non- 
setting calcium hydroxide, replaced at 3 monthly inter- 
vals for 9-24 months. Lengthy treatment of this sort tests 
patient compliance, and growing concerns about tooth 
embrittlement and cervical root fracture following long- 
term medication with calcium hydroxide (4, 17) have 
prompted a search for alternatives. 

MTA, packed with or without a resorbable matrix, has 
become established as a one-step root-end closure proce- 
dure (Fig. 15.10b), and a recent prospective study in 
patients aged between 7 and 53 has validated this 
approach (42). 

The practice of backfilling wide canals with gutta- 
percha has also been challenged, as bonded materials 
may be able to offer internal reinforcement (Fig. 15.11). 
Knowledge of bonding to radicular dentin is limited, and 
most research in this area is, as yet, laboratory based. 
Composite resins (25, 34), in combination with contem- 
porary fiber post systems (10, 22), may offer real potential 
for the future, but accomplishing an ideally bonded 
restoration within the root canal space continues to 
present formidable challenges, including those of smear 
layer management, variable tubule availability for resin 
tag formation, adhesive application, air entrapment and 
polymerization contraction within resin-based materials. 
The theory remains simpler than the reality (45). 



Fig. 15.10 Arrested dental development, (a) An immature tooth with arrest- 
ed root development after trauma, (b) Periapical healing 12 months after 
orthograde root canal filling with MTA, overlaid with thermoplastic gutta- 
percha and sealer. (Courtesy of Dr Bader Al-Baqshi.) 




Fig. 1 5.1 1 Fracture of a fragile, immature tooth during efforts to preserve it 
by root canal treatment. (Courtesy of Dr Ingegerd Mejare.) 
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Having now considered the key events which may 
arise after dental trauma, the following sections will 
describe the clinical management of traumatic injuries 
and the measures which may optimize the healing 
potential of the tissues involved. 



General details of the incident should be quickly ascer- 
tained, medical history reviewed and significant maxillo- 
facial or head injuries in need of secondary referral 
identified. Tetanus immunization should be checked if 
wounds are likely to have been contaminated with soil. 



General considerations in the 
management of dental trauma 

Best trauma management is generally informed not by 
the outcome of randomized, controlled clinical trials, but 
by epidemiological surveys, retrospective surveys, case 
reports and expert opinion. Immediate and longer-term 
actions may be critical to outcome, and detailed consen- 
sus-based guidelines published by the International 
Association of Dental Traumatology (20, 21) provide a 
readily available framework for structured short- and 
long-term management. A downloadable version is 
available without charge at www.iadt-dentaltrauma.org. 
The reader is also referred to well-established, compre- 
hensive textbooks of dental traumatology (7) and shorter 
texts for chairside reference (53). 

Immediate management of patients with 
dentoalveolar trauma 

Patients attending for emergency care are likely to be 
distressed not only by the incident, but also by the 
appearance of swollen and bleeding orofacial tissues. 
Care may be especially challenging for children and for 
adolescents and adults under the influence of drugs and 
alcohol. Patients should of course be managed sympa- 
thetically, but with confidence and efficiency to identify 
key injuries and implement necessary initial treatment. 



Clinical examination 

Examination should commence with gentle face wash- 
ing and, sometimes, mouth rinsing to improve patient 
comfort and clarify the position and extent of injuries. 

Fractured, mobile, displaced and avulsed teeth should 
be identified by clinical examination. A structured dental 
examination is helped by the use of a standardized 
template (Fig. 15.12). Where possible, the baseline pulp 
condition of injured and adjacent teeth should be 
assessed by thermal (usually cold challenge with ethyl 
chloride) and electronic sensibility testing. Currently, the 
single most useful test for assessing the neurovascular 
status of the pulp in a traumatized tooth is the electronic 
pulp test (8). Output is often numerical, allowing 
responses to be tracked over time. Emergency care 
should rarely involve pulp extirpation, and sensibility 
data serve principally as a baseline to monitor the recov- 
ery or otherwise of vital pulp functions (see later section 
on Diagnostic quandaries). 

Radiographic examination 

The maturity of traumatized teeth, and the extent of 
injuries affecting the root and supporting tissues cannot 
be assessed on clinical parameters alone. Even teeth 
which appear firm and undisplaced may be associated 
with intra-alveolar root fractures or fractures of alveolar 
bone; good-quality radiographs form an essential part of 
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Fig. 15.12 A standardized template such as a "trauma stamp" can provide a structured framework for initial and follow-up clinical examination and allow con- 
venient monitoring of responses and observations over time. No single test should be taken in isolation as a picture builds of pulp and periradicular condition. 



268 Diagnostic Considerations and Clinical Decision Making 



patient evaluation, diagnosis, treatment planning and 
monitoring in all cases of dental trauma. 

In most settings, imaging is limited to plain radio- 
graphic films, and their limitations should be recognized. 
Root fractures, for example, may not be imaged well 
unless they happen to run parallel with the central radio- 
graphic beam. For this reason, exposures from more than 
one angle are generally recommended. The first intra- 
oral film should be at a 90° horizontal angle, centering on 
the tooth in question. This may readily identify horizon- 
tal root fractures, especially those in the cervical third of 
the root (20), but if more apical or oblique fractures are 
suspected, further periapical films exposed from a mesial 
or distal angulation, or occlusal films may be helpful. 
Single intraoral views may be acceptable to confirm tooth 
luxations, though, again, additional films may help to 
rule out hitherto unsuspected injuries. Lateral soft-tissue 
views should be exposed if injuries to the lips raise suspi- 
cion that they may contain fragments of broken tooth or 
other foreign bodies, and extraoral plain and tomo- 
graphic views may be considered if there is any indica- 
tion of alveolar fracture (20). Three-dimensional digital 
imaging presents considerable advantages for the assess- 
ment of complex trauma, and may ultimately replace 
plain film imaging as the technology becomes more 
affordable and accessible (see Advanced concept 15.1). 

Immediate and long-term management of 
patients with dental trauma 

The central goals of immediate and ongoing care are 
summarized in Core concept 15.2. 



Core concept 15.2 



Immediate treatment of traumatic injuries aims to secure comfortable 
function and promote healing by: 

(1) Covering exposed dentin and pulp. 

(2) Repositioning and stabilizing displaced and mobile teeth. 

(3) Providing information on general mouthcare, nutrition and 
analgesia. 

(4) Stressing the need for follow-up. 

Ongoing management of traumatic injuries aims to preserve a 
healthy, functional and esthetic tooth by: 

(1) Monitoring pulp status. 

(2) Monitoring tooth position and stability. 

(3) Monitoring for signs of secondary conditions, such as root 
resorption. 

(4) Promoting general mouthcare. 

(5) Stressing the need for ongoing review. 



Fractured teeth - coronal and crown-root fractures 

The overriding principle when a patient appears with 
any form of fractured tooth, be it an uncomplicated 
crown fracture, a complicated crown fracture or a 
crown-root fracture, is to protect the exposed tissue from 
further microbial exposure. Ideally, fragments of tooth 
are re-attached with dentin/enamel adhesives, or the 
crown/root is rebuilt with composite resin. Often, how- 
ever, a simple coverage of glass ionomer cement is the 
most realistic emergency care followed by an early recall 
for definitive coronal restoration. In the case of crown- 
root fracture, gingival hemostasis may be needed for 
proper assessment of the injury and to assist the bonding 
of moisture-sensitive materials. 

If the pulp is not directly exposed, the risk of pulpal 
breakdown is minimal, provided the exposed dentin is 
effectively and promptly covered. It is critical that leak- 
age potentials are limited. In crown-root fractures where 
moisture control is difficult, a leaky restoration may 
result in pulpal complications (hypersensitivity, pulpitis 
and pulp necrosis) at a later date. Therefore, guidelines 
currently recommend clinical and radiographic review 
of pulp status at 6-8 weeks and 1 year (20), though more 
frequent assessment may be deemed appropriate. 
Fractured teeth may also have suffered concomitantly 
from a luxation injury that went unnoticed. The follow- 
up scheme should include checks for developing pulp 
necrosis due to circulatory disturbance and any signs of 
external inflammatory root resorption (see Fig. 15.6). 

When the pulp is directly exposed to the mouth, it 
should be borne in mind that unlike the cariously 
exposed pulp, the traumatically exposed pulp is rarely 
deeply inflamed and can resist significant infection for 
some time. Cvek (15) observed favorable healing 
responses in teeth with traumatic pulp exposures, even 
when the area of tissue exposure was extensive and 
treatment was delayed for up to 1 month. This does not 
provide any justification for postponing treatment, since 
pulp tissue which is open to the oral environment is 
always at risk of microbial invasion, progressive infected 
pulp necrosis and its consequences. It does, however, 
point to the considerable healing potential, particularly 
of young pulps, if a conducive environment is created. 

Recognizing the likelihood of superficial microbial 
contamination and inflammation, Cvek (15) performed a 
superficial pulpotomy with a high-speed diamond bur 
under rubber dam isolation and strict asepsis. After 
hemostasis with physiological saline, the wound was 
covered with calcium hydroxide before sealing coronally. 
Crown-root fractures present special challenges, and in 
these circumstances, the entire coronal pulp was removed 
in order to avoid its constriction and subsequent necrosis 
following hard-tissue repair. Cvek's report described 
follow-up at 3 weeks, 3, 6 and 12 months, though current 
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guidelines suggest clinical and radiographic review at 
6-8 weeks and 12 months after treatment (20). Signs of 
unfavorable outcome which may indicate the need for 
root canal treatment include the development of: 

• overt pulpits or acute symptoms of apical 
periodontitis; 

• persistent negative responses to pulp testing; 

• signs of apical periodontitis; 

• in the case of immature teeth, arrest of dental 
development. 

Further consideration of vital pulp treatments, including 
the potential of MTA, particularly the non-staining white 
version, as an alternative pulpotomy wound dressing 
(20, 54) can be found in Chapter 4. 

Fractured teeth - intra-alveolar root fractures 

Root fractures may present in any plane and at any level 
of the root. If the coronal portion of the tooth has not 
been displaced and is not mobile, the root fracture may 
not be identified during clinical examination, and single 
radiographic views, which fail to capture the fracture 
line, may also result in a missed diagnosis. Radiographs 
exposed from more than one angle are always indicated 
when root fractures are suspected. In many circumstanc- 
es the fracture line may be oblique, or the radiographic 
angle may project it as such, giving the impression of 
two fracture lines with an interposing section of tooth 
tissue (see Fig. 15.2e). 

Key considerations are whether the neurovascular 
supply to the pulp has been disrupted at the fracture 
line, and whether there is any likelihood that the fracture 
will reunite. 

Andreasen and Hjorting-Hansen (3) described four 
patterns of tissue response following intra-alveolar root 
fracture (Fig. 15.13). In the first (Fig. 15.13a), the coronal 
and apical fragments become reunited by mineralized 
tissue, which may be of dentinoid or cementumoid 
origin. In all other categories, the fragments of root do 
not reunite, but the coronal portion of tooth is retained, 
with the fracture line occupied by soft connective tissue 
(possibly periodontal ligament) (Fig. 15.13b), bone and 
soft connective tissue (possibly periodontal ligament) 
(Fig. 15.13c), or granulation tissue, representing an 
inflammatory response to either pulp or gingival infec- 
tion, and with associated expansion of the fracture line 
and lateral radiolucencies (Fig. 15.13d). Regardless of 
events in the coronal pulp or at the fracture line, the pulp 
in the apical fragment almost always remained vital. 

In an effort to understand the factors associated with 
healing patterns, Andreasen and co-workers (5, 6) under- 
took a retrospective study of 400 intra-alveolar root frac- 
tures, correlating outcome with preinjury, injury and 
treatment factors. The findings are summarized in Key 




(a) 





(b) 




(c) 
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Fig. 15.13 Tissue responses after intra-alveolar fracture (after Andreasen 
and Hjorting-Hansen (3)). (a) Reuniting of the tooth fragments with hard 
tissue, (b) Fracture line occupied by healthy soft connective tissue (possibly 
periodontal ligament), (c) Fracture line occupied by bone and soft connective 
tissue (possibly periodontal ligament), (d) Fracture line occupied by chronic 
inflammatory tissue following pulp breakdown and infection in the coronal 
element. There are associated areas of inflammation in the adjacent alveolar 
bone. 
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literature 15.1. The prognosis for survival of the coronal 
fragment is worst when fractures involve the cervical 
third of the root (52). Even with prolonged or rigid splint- 
ing, the crown to supported root ratio may be hopeless 
and the risks of microbial infection from the mouth are 
considerable. 

If there is no displacement and the crown is not mobile, 
repositioning and splinting may be unnecessary (6). If 
there is displacement and if it is considered that there 
will be sufficient bone to support the coronal fragment, it 
should be gently repositioned with clinical and radio- 
graphic checks to avoid traumatic occlusal contacts and 
ensure good approximation. Repositioned or mobile 
teeth should be stabilized with a flexible splint such as 
wire and composite resin (Fig. 15.14), or a dedicated 
flexible titanium " trauma splint'' (49) which allows both 
physiological mobility and access for meticulous plaque 
control. Splinting is generally continued for 4 weeks to 
allow periodontal healing and to provide optimal condi- 
tions for the development of a hard-tissue union across 
the fracture line. Fractures in the cervical third may never 
heal properly, but may be stabilized for up to 4 months 
in an effort to promote tissue repair and tooth preserva- 
tion (20). 

The stability and pulp condition of teeth with root 
fractures should be further monitored at 6-8 weeks, 
4 months, 6 months, 1 year and 5 years (20). Evidence of 
pulp breakdown in the coronal element, such as persis- 
tent negative pulp sensitivity testing or the development 
of radiolucency at the fracture line, is an indication for 
root canal treatment. During root canal treatment, instru- 
mentation and root canal filling should be limited to the 
fracture line only (18) as the apical pulp usually retains 
vital functions. Efforts are sometimes made to develop a 
mineralized barrier at this level by repeated calcium 
hydroxide medication. A contemporary alternative is to 
place 3-4 mm thickness of MTA back from the fracture 
line (40), before filling the remainder of the canal with 
thermoplastic gutta-percha and sealer or with bonded 




Fig. 15.14 Flexible splinting with composite resin and wire. (Courtesy of 
DrVidya Srinivasan.) 



composite resin. If apical periodontitis develops on the 
apical fragment, it is better to remove this surgically 
rather than attempt root canal treatment across the frac- 
ture line (16) (Fig. 15.15). 

Luxated teeth 

Luxation injuries vary in severity and extent. At their 
most serious, they can displace teeth entirely from the 
mouth, move them to a position where they interfere 
with oral functions, or leave them unacceptably mobile. 
Luxation may disturb or sever the pulp's neurovascular 
supply, tear or crush the attachment apparatus and, in 
the case of avulsion, expose the root surface to any 
number of insults, including drying and mechanical 
abrasion (Table 15.2). 

Emergency treatment must focus on restoring com- 
fortable function and optimizing the conditions for re- 
establishment of periodontal attachment and restoration 
of the pulp's neurovascular supply. In practical terms, 
that means reimplanting avulsed teeth without delay, 
repositioning displaced teeth and supporting any teeth 
which are unstable with an appropriate splint (see Core 
concept 15.2). As in the case of horizontal root fractures, 
luxated teeth should be supported by a flexible splint, 
which allows some degree of physiological movement. 
This not only promotes periodontal healing, which after 
a simple tearing injury should be well established within 
2 weeks and essentially complete by 8 weeks (29), but 
also diminishes the risks of ankylosis. 

The emergency visit should also establish baseline 
pulp responses, which will be essential in assessing the 
restoration of vital pulp functions over time. Generally, 
teeth with open apices are more likely to recover healthy 
pulp functions after neurovascular injury than those 
with mature apices. However, after major disruption 
such as avulsion or intrusive luxation, even the immature 
tooth is at significant risk of pulp breakdown (see 
Table 15.2). For the mature tooth, loss of pulp vitality is 
all but certain after avulsion or intrusive luxation and is a 
greater than 50% risk after extrusive and lateral luxations. 
Even if avascular pulp necrosis is certain, pulpectomy is 
rarely performed at the emergency visit. Rather, the 
patient is allowed to recover from the traumatic episode 
and necessary interventions to preserve their tooth 
before returning, usually within 7-10 days, to re-evaluate 
pulp status and commence the root canal treatment if 
needed. 

Concussion and subluxation 

In the case of concussion and subluxation, little active 
treatment is needed, though teeth which are uncomfort- 
ably mobile can be supported with a splint for up to 
2 weeks. 
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Fig. 15.15 Management of a tooth with a horizontal intra-alveolar fracture in an 1 1 -year-old boy. (a) Radiograph taken 2 weeks after traumatic injury. Small 
radiolucent areas at the mid-root portion (arrows) suggest the potential of an intra-alveolar root fracture. Three months after injury the patient presents with a 
fistulous tract at the buccal aspect of the tooth. Radiographic examination confirms a horizontal fracture, with clear separation of the tooth fragments and a bone 
lesion associated with the fracture line, (b) Trial file radiograph in conjunction with endodontic treatment of the coronal fragment. Despite efforts to control the 
root canal infection, the lesion did not resolve. A surgical procedure was therefore carried out at which the apical fragment was removed, the area debrided and 
the root canal filled with gutta-percha (c). (d) 5-year follow-up. (Courtesy of Dr Gunnar Bergenholtz.) 



Extrusive, lateral and intrusive luxation 

Teeth which have suffered extrusive luxation (Fig. 15.3c) 
should be gently reinserted into their sockets and gener- 
ally require only 2 weeks of splinting for the torn attach- 
ment apparatus to be restored. 

Lateral luxation (Fig. 15.3a) may often require the 
tooth to be disengaged with forceps before gentle reposi- 
tioning into its original location. Healing here involves 
more than just the repair of torn periodontal fibers, and 
splinting is routinely extended to 4 weeks in order to 
support the tooth until bony and periodontal healing are 
sufficient to make the tooth comfortable and secure in 
gentle function. Supplementary occlusal adjustments 
may also be necessary to promote comfort and limit 
functional trauma while healing takes place. 

Intrusive luxations (Fig. 15.3b) are likely to have a dev- 
astating impact on the neurovascular supply to the pulp. 
Immature teeth may have some prospect of recovery, 
but the chances will be reduced greatly if any attempt is 
made to suddenly reposition the intruded tooth. The 
tooth should be allowed to extrude naturally, or with 
some orthodontic assistance if there has been no move- 
ment within 3 weeks. In the case of mature teeth, the 
pulp is almost certainly non-vital (Table 15.2) and no 
further harm will be done by surgical repositioning and 
splinting for 2-4 weeks, or by rapid extrusion with a fixed 
orthodontic appliance (20). 



The need for general mouthcare and for careful long- 
term monitoring must be made clear to all patients who 
have suffered dental trauma. Follow-up appointments 
with clinical and radiographic examination should be 
arranged between 2 and 4 weeks after the injury (depend- 
ing on the needs for splint removal and pulpectomy), at 
6-8 weeks, 6 months, 1 year and annually up to 5 years. 
Minor concussion or subluxation injuries may only 
require follow-up at 4 weeks, 6-8 weeks and 1 year (20). 

Each recall appointment should be informed by a 
structured template (Fig. 15.12) and include an assessment 
of symptoms, tooth position and stability, percussion 
note and pulp sensibility (see later section on Diagnostic 
quandaries). Radiographs should be inspected carefully 
to monitor periodontal healing, and identify early signs 
of periapical inflammation or root resorption. 



Avulsion 

The potential for periodontal healing and the recovery of 
vital pulp functions after tooth avulsion (Figs 15.3d and 
15.11) warrants special consideration. 

Teeth should generally be reimplanted as soon as pos- 
sible after avulsion and supported by a flexible splint for 
just 2 weeks while the periodontal ligament is restored. 
Whether a periodontal ligament will re-establish over 
the entire root surface will depend on the degree of root 
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surface injury. Key factors are the "extraoral dry time" 
and the way the tooth was handled. Teeth with an extra- 
oral dry time of less than 1 hour, which have not been 
scrubbed, and have been maintained in conditions com- 
patible with cell survival on the root surface (in the socket, 
the mouth, in milk or in tissue culture media such as 
Hank's Balanced Salt Solution) have the best chance of 
periodontal regeneration. Consideration should be given 
to the prescription of tetracyclines, with their proven 
anticollagenolytic activity to actively promote periodontal 
regeneration (12). This should not be carried out in young 
patients as tetracyclines bind to the mineralized compo- 
nent of developing teeth, causing discoloration. 

Teeth with an extraoral dry time of greater than 
1 hour, or which have been scrubbed or stored in non- 
physiological solutions, are likely to have extensive root 
surface damage, and periodontal healing is not expected 
(21). In this case, the best healing response which can be 
anticipated is dentoalveolar ankylosis. While this will re- 
establish the tooth in a firm position, it will inevitably be 
followed by progressive replacement root resorption, 
resulting ultimately in tooth loss. Complications along 
the way may include communication of the resorptive 
lesion with the gingival crevice, which may promote 
troublesome periodontal infection and breakdown. 
Another undesirable complication is infraocclusion, 
where the ankylosed tooth remains in position as dento- 
alveolar growth moves adjacent teeth to mature posi- 
tions. In short, dentoalveolar ankylosis and replacement 
resorption are undesirable outcomes, and should be pre- 
vented wherever possible. 

In reality, clinicians faced with a tooth displaying signs 
of significant periodontal damage may have little choice 
but to reimplant it under optimal conditions and hope 
that the tooth will provide trouble-free service for as long 
as possible. In this situation, it is recommended that 
necrotic periodontal tissues are removed from the root 
surface with gauze before reimplantation (21), since 
failure to do so will result in breakdown of the surface 
tissues, periradicular inflammation and an increased risk 
that the tooth will not heal in place. Animal studies con- 
tinue on the potential of attenuating such risks with local 
or systemic steroids (11), though these measures are not 
formally established in clinical practice. An additional 
step is to soak the root in 2% sodium fluoride solution for 
20 min before reimplantation in order to increase its 
resistance to any form of resorption. Bony union with 
the root takes longer than periodontal healing, and the 
tooth is usually splinted for 4 rather than 2 weeks (21). 

Pulp survival is dictated by the maturity of the root 
end and by the length of the time the tooth was out of 
its socket: "extra-alveolar time". There is no realistic 
prospect of vital pulp functions returning in avulsed 
teeth with mature root apices. In teeth with immature 
root apices and an extra-alveolar time of less than 45 min, 



there is a reasonable expectation that the neurovascular 
supply may be re-established. 

As for other luxation-type injuries, root canal treat- 
ment is seldom commenced at the emergency visit; the 
focus is generally on reimplanting and stabilizing the 
tooth. One exception is the tooth with an extraoral dry 
time of greater than 60 min, where a decision has been 
made to remove the remaining periodontal tissues from 
the root surface before reimplantation. Here, the added 
extraoral time needed to commence or even complete 
root canal treatment will have no significant impact on 
outcome and may be considered. 

In all other teeth with mature apices, root canal treat- 
ment is usually performed after stabilization of the tooth 
for 7-10 days, and the norm has been to medicate canals 
for up to 1 month with calcium hydroxide before root 
canal filling and review (see below). Alternative intra- 
canal medicaments include steroid/antibiotic prepara- 
tions, which may have some role in modulating cellular 
responses, promoting healing and reducing the risks of 
early resorptive change. If there is a risk of ankylosis 
followed by replacement root resorption, there may be 
merit in considering a root filling material which could 
resorb with the root, such as one of the commercially 
available polycaprolactone-based systems (19). 

Clinical and radiographic examination should be 
planned weekly during the first month, at 3, 6 and 
12 month intervals for the first year, and annually there- 
after (21). Unfavorable outcomes would include the 
development of symptoms, unacceptable mobility or loss 
of the tooth, signs of inflammatory root resorption and, 
in some cases, the development of ankylosis and replace- 
ment resorption (see Clinical concept 15.2). In the case of 
immature teeth where pulp revascularization occurs, 
mineralized obliteration of the pulp is to be expected. 
Additional adverse outcomes for immature teeth would 
include arrested root formation (see earlier section on 
Arrest of dental development) and fracture of the tooth. 

Alveolar fractures 

Fractures of the alveolar process are frequently associated 
with complex dentoalveolar injuries, which may include 
a range of problems including gingival lacerations, tooth 
fractures and luxations. Alveolar fractures are best 
assessed by extraoral, panoramic or three-dimensional 
imaging techniques. Segmental fractures may displace 
groups of teeth en masse and may be repositioned during 
an emergency attendance and stabilized by splinting the 
teeth to their neighbors, typically for 4 weeks (20). 
Detailed discussion of bone injuries is beyond the scope 
of this chapter, and if there is any suspicion of a complex 
fracture, or if the practitioner is in any doubt, patients are 
best referred for specialist oral and maxillofacial care. It 
should be borne in mind that further dental injury may 
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Clinical procedure 15.2 



Management of teeth 
found to be undergoing 
replacement resorption 



^v 



There is currently no effective treatment to arrest replacement resorp- 
tion. Though the tooth may give effective service for many years, it is 
likely to be lost or need replacement at some stage in the future. 
Complications such as esthetic compromise due to infraocclusion, or 
periodontal infections following communication with the gingival 
crevice may necessitate intervention before the tooth itself fails. 
Following full discussion with the patient and their parent/guardian 
as appropriate, the decision may be made to: 

(1) Preserve the tooth for as long as possible with periodic clinical 
and radiographic monitoring. 

(2) Preserve the root for as long as possible to preserve the height 
and width of the alveolus for later placement of an implant 
fixture. This is often a good option for anterior teeth in infraocclu- 
sion, and requires decoronation of the tooth 2 mm below alveolar 
crest level and removal of any root filling materials, allowing the 
root canal space to fill with blood. The buried root is then covered 
by a mucoperiosteal flap (28). The resultant gap can be restored 
with an interim removable prosthesis or, better, resin-bonded 
bridgework. 

(3) Extract the tooth and close the space orthodontically. 

(4) Extract the tooth and restore the gap by autotransplantation of a 
premolar (48) or by conventional restorative means. 



J 



occur during the application of screw-retained fracture 
fixation plates to the jaws (26). Teeth involved in alveolar 
fractures should be monitored clinically and radiographi- 
cally for evidence of vital pulp functions and for signs of 
periapical inflammation or resorptive change. A suggest- 
ed follow-up schedule would be 4 weeks for splint 
removal, followed by monitoring at 6-8 weeks, 4 months, 
6 months, 1 year and 5 years (20). 



Diagnostic quandaries - to remove or 
review the pulp after trauma? 

It could be argued that mature teeth do not need the 
support of a functioning pulp. Countless millions of 
successfully root canal treated teeth worldwide provide 
evidence that mature teeth can be preserved in a func- 
tional state and restored to satisfactory esthetics by stan- 
dard contemporary methods. But that is not to say that 
pulp extirpation should be undertaken lightly, or that all 
traumatized teeth should be root canal treated. The pulp 
may retain helpful functions throughout the life of the 
tooth (see Chapter 4), and its unnecessary loss may have 
costs, financial and otherwise. 

In immature teeth, the consequences of unnecessary 
pulpectomy are of greater immediate consequence to 
tooth survival. Here, the loss of functional pulp tissue 



will arrest dental development, resulting in a short and 
fragile root which is vulnerable to fracture, and a tooth 
which presents considerable challenges for successful 
root canal treatment and long-term restoration. 

On the other hand, it must be recognized that the 
pulps of both mature and immature teeth are at risk of 
breakdown and infection after trauma and that pulp 
extirpation and root canal treatment may be essential if 
the tooth is to be spared the ravages of inflammatory 
root resorption. Indecision can again be costly. 

Therein lies one of the great challenges at the heart of 
trauma management: how can the condition of the pulp 
be diagnosed with certainty, and when is root canal 
treatment justified? 

Pulp diagnosis is crude at the best of times, and the 
consequences of trauma may cloud the picture further. 
Diagnostic methods such as crown surface temperature 
assessment, laser-Doppler flowmetry, pulse oximetry 
and dual-wavelength spectrophotometry (35, 41), which 
may have potential to monitor vascular integrity and 
healthy perfusion of the pulp (43), are not yet sufficiently 
refined for everyday use in routine dental practice. 
Clinicians are therefore forced to rely on a careful history, 
clinical and radiographic examination and the applica- 
tion of thermal and electronic sensibility tests to build a 
picture of pulp status. 

The neurovascular supply to the pulps of mature teeth 
cannot be expected to recover after avulsion or intrusive 
luxation, and root canal treatment should be commenced 
as soon as the tooth is stable (usually within 7-10 days). 
In all other situations, diagnostic information at the 
emergency attendance (Fig. 15.12) should form a baseline 
for monitoring the return or otherwise of vital pulp 
functions. 

Electronic pulp testing remains the single most useful 
diagnostic test (8), particularly if the device has an analog 
output, which can be monitored over time. Consistent 
positioning of the pulp tester probe as close to the incisal 
edge of the tooth as possible assists reproducibility over 
time (41). Cautious clinicians should be mindful that 
reversibly damaged pulps may give negative responses 
for months after injury (see Key literature 15.3), especially 
if sensory nerves must regrow from the damaged apical 
region or from a deep horizontal fracture line into the 
crown. They should also be aware that immature teeth 
with incomplete sensory innervation and teeth whose 
pulps are becoming obliterated with mineralized tissue 
may also fail to respond. 

Diagnostic uncertainty may be compounded by clini- 
cal features such as transient reddening or graying of the 
crown, caused by hemorrhage into dentin (38), yellow- 
ing of the crown associated with mineralized obliteration 
of the pulp and by transient radiographic periapical 
apical breakdown which may accompany traumatic 
injuries (2). No one test can provide conclusive evidence 
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Key literature 15.3 



] 



In a classical experimental study, Ohman (32) examined the extent of 
pulp tissue healing, regeneration of nerve fibers and restitution of 
pulp sensitivity in young human teeth following total severance of 
their neurovascular supply. The experimental teeth {n = 85) were to 
be removed for orthodontic reasons. Neurovascular injury was caused 
by extraction and the teeth were immediately reimplanted for periods 
of between 1 and 360 days. Electronic pulp sensitivity was recorded 
at the start and end points of the study. After the final electronic pulp 
sensitivity assessment, and without local anesthesia, a cavity was 
carefully prepared through the crown of each tooth. In the absence of 
pain on pulp entry, a root canal instrument was slowly introduced 
until pain was evoked. The histological extent of pulp tissue healing 
was correlated with the degree of root development and the time 
from initial extraction, with more severe pulp damage and slower 
pulp tissue regeneration in teeth with a narrow apical foramen. Some 
teeth had developed total pulp necrosis. Regenerating nerve fibers 
were not consistently observed until 2 months after injury. Although 
vital pulp tissue may have formed to the roof of the pulp chamber at 
earlier time points, no tooth responded to electronic provocation 
before 35 days after injury. Cavity preparation through the crown 
elicited no response in any tooth before the point of pulp exposure. 
From a clinical point of view, it was concluded that progressive reduc- 
tion in the size and shape of the pulp cavity was more informative of 
pulp status in young traumatized teeth than the registration of pulp 
sensitivity by electronic testing alone. 



Pulp regeneration - the dawn of a new 
era? 

Traumatic injuries continue to endanger pulps, but 
established endodontic and restorative procedures have 
an impressive track record for the preservation of 
traumatized teeth. That said, contemporary restorative 
materials can seldom match the properties of the tissues 
they replace. Fragile, immature teeth serve as an example, 
where even the best MTA root canal filling and bonded 
restoration is unlikely to safeguard the future of the tooth 
as well as a functioning pulp which survives to complete 
root formation. 

Recent clinical reports have described pulp regenera- 
tion in immature teeth with apical periodontitis after 
canal disinfection for several weeks with a cocktail of 
antibiotics, followed by deliberate overinstrumentation 
to induce bleeding into the canal. It has also been sug- 
gested that similar approaches may be applicable to 
avulsed mature teeth following deliberate opening of 
the apical foramen to at least 1 . 1 mm diameter. Techniques 
for pulp repair and regeneration ranging from gene 
therapy to stem cell implantation are the focus of consid- 
erable research activity and may open radically new 
prospects for the rehabilitation of traumatized teeth in 
years to come (31). The dawn of an exciting new era? 
Future editions will no doubt tell. 



of pulp status and the need for pulpectomy. Rather, the 
decision should be made with due caution and integrity, 
and on the cumulative evidence of clinical and radio- 
graphic information. 

Positive indications for pulp extirpation include the 
development of pulpitic symptoms (particularly lingering 
thermal or spontaneous pulpal pain), or evidence of 
apical periodontitis or of infection-related root resorp- 
tion (internal or external inflammatory root resorption). 
In the case of root-fractured teeth, inflammation will 
likely present at the fracture line following breakdown 
and infection of the coronal pulp only. 

In the case of immature teeth, evidence that root for- 
mation has arrested for 6 or more months may be an 
indication to intervene, though, in the absence of other 
adverse signs and symptoms, careful monitoring may be 
indicated. 

Without good evidence to the contrary, tissues should 
be given the best opportunity to heal after trauma, 
though the danger of complications must be spelled out 
to patients, highlighting the need for long-term review 
and the willingness of the clinician to review them at any 
time if they have concerns or if worrying symptoms 
emerge. 
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Chapter 16 

The multidimensional nature of pain 

liana Eli and Peter Svensson 



Introduction 

Dental treatment is closely associated with pain. Pain is 
often the primary motivator for patients to seek dental 
care, most dental patients expect to experience some 
degree of pain during dental treatment and self-reports 
of pain serve as a common tool to locate possible pathol- 
ogy and to arrive at conclusions regarding diagnosis and 
treatment, e.g. the use of tooth pulp stimulation as a 
diagnostic test for pulp vitality (Chapter 14). However, 
pain is an unreliable indicator of pathology. In fact, little 
correlation exists between the amount of tissue destruc- 
tion and the reported presence or absence of pain, 
whether derived from the tooth pulp, periodontal liga- 
ment or periapical region (65). 

This chapter describes the fundamental nature of pain 
and the multitude of mechanisms that are associated 
with patients' perception of pain. 

Definition of pain 

Pain is defined as "an unpleasant and emotional experi- 
ence associated with actual or potential tissue damage, 
or described in terms of such damage" (40). It is a com- 
plex experience of a multidimensional nature, and is 
always subjective and associated with emotional and 
cognitive factors. Today it is widely accepted that pain is 
much more than the mere activity in the nociceptor and 
nociceptive pathways of the nervous system elicited by a 
noxious stimulus. Pain is invariably a psychological state 
and can be reported in the absence of tissue damage or 
any likely pathophysiological causes. 



ry inputs and cognitive events, such as psychological 
stress. Disruption of the neuromatrix homeostasis by a 
stressor, either physical or psychological, activates pro- 
grams of neural, hormonal and behavioral activity aimed 
at restoring homeostasis. Occasionally, when failure in 
the homeostasis regulation occurs, the neuromatrix pro- 
duces the dysfunctional conditions that may cause 
chronic pain conditions, which are often resistant to 
treatment procedures developed for acute pain condi- 
tions. The particular activated programs are selected 
from a genetically determined repertoire of programs 
that have been modified by events, such as earlier expo- 
sure to stress, and are influenced by the extent and 
severity of the perceived stress. 

The significance of the neuromatrix theory is that it 
guides us away from the concept of pain as just a simple 
sensation produced by injury, inflammation or other 
tissue pathology, and promotes the concept as a multi- 
dimensional experience shaped by multiple influences, 
e.g. stress, anxiety, expectation, focus of attention, gen- 
der and culture (Core concept 16.1). 

Acute versus chronic pain 

Although this overall view of pain as a multidimensional 
experience is attractive and prudent, it should be empha- 
sized that there is an immense difference between acute 
and chronic types of pain. Acute pain is necessary for the 
organism to survive. It serves as a warning or alert sign 
for appropriate action to be taken and healing and resto- 
ration of function to occur. Chronic pain does not serve a 
biological purpose and is often closely associated with an 



The neuromatrix theory 

According to Melzack (55), pain is a multidimensional 
experience produced by characteristic "neurosignature" 
patterns of nerve impulses generated by a widely distrib- 
uted neural network in the brain. This neurosignature 
for pain experience is determined by the synaptic archi- 
tecture of the neuromatrix, which is shaped by both 
genetic and sensory influences and modulated by senso- 



, 



Core concept 16.1 



Pain is often reported in the absence of visible tissue damage or any 
likely pathophysiological cause. In the clinic, there is no way to distin- 
guish this experience from that of tissue damage and it therefore 
should be accepted as pain. Activity induced in the nociceptor and 

L nociceptive pathways by a noxious stimulus is not equal to pain, 
which is always a psychological state. 
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impaired quality of life, distress and a negative impact 
on personal, social and work relationships. Pain associat- 
ed with acute tissue damage, disease or intervention can 
be viewed as a symptom, whereas chronic pain, in addi- 
tion to the psychological aspects, may resemble neuro- 
degenerative conditions and can be classified as a disease 
in its own right. The arbitrary time point of 6 months is a 
realistic way to distinguish between acute and chronic 
pain. However, it is more reasonable to talk about chronic 
or persistent pain, if the pain lasts longer than expected 
after a normal healing period. 

The neurobiological and psychological factors that 
affect the pain experience are summarized in the follow- 
ing paragraphs and their importance in dental treatment 
is indicated. 



Neurobiological factors affecting the pain 
experience 

Overview of pain mechanisms 

In the field of pain, there is ongoing discussion as to what 
extent is it possible to classify pain according to the 
current knowledge of the mechanisms involved (71). The 
proposed mechanism-based classification has four main 
categories (Core concept 16.2). 

Transient or nociceptive pain may be the easiest type 
of pain to understand, although recent advances in 
molecular biology have shown the complex nature of 
even " simple" processing of pain. The nociceptor is the 
basic receptor on primary afferent nerve fibers innervat- 
ing the orofacial tissues. On the peripheral terminals, 
a multitude of transducing receptors and ion channels 
have been identified, e.g. acid-sensing ion channels 
(ASIC), a family of transient receptor potentials receptors 
(TRPV1-8), P2X3 receptors. These receptors are unique in 
that they detect and respond to specific high-intensity 
stimuli (heat, cold, mechanical, chemical stimuli), poten- 
tially associated with tissue damage and therefore serve 
as a warning system. It has been suggested that there is 
a nociceptor specialization (64) in that sophisticated 
" sensors" in the peripheral tissue, including tooth pulp 
and periodontium, can be activated unintentionally dur- 
ing numerous dental procedures (procedural types of 
pain). Besides the psychological aspects (described 

f 
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Main categories of pain: 

Transient (nociceptive) pain 
Tissue injury (inflammatory) pain 
Nervous system injury (neuropathic) pain 
Functional pain 

V 



below), there is a strong neurobiological rationale to 
prevent pain experience during dental procedures, 
including endodontics, by the appropriate use of local 
anesthetics. 

Overt tissue damage, e.g. by trauma and surgical pro- 
cedures, is commonly associated with pain. In most cases 
pain in this context can be viewed as part of the classical 
cardinal signs of inflammation: dolor (pain), tumor 
(swelling), rubor (redness), calor (heat sensation) and 
loss of function. However, significant progress has been 
made in terms of understanding the neurobiological 
changes in the nociceptive system in these conditions. 
One important aspect is that the nociceptor can initiate 
spontaneous activity without a peripheral stimulus lead- 
ing to spontaneous pain (64). Another is "sensitization", 
where the threshold for activation of the nociceptor is 
reduced and the responses are longer and stronger (39). 
Additionally, previously silent nociceptors can be awak- 
ened and further contribute to pain (see also Chapter 3). 
There is also evidence that functional shifts occur in the 
number and activity of receptors and ion channels on 
the nociceptor, e.g. receptors for nerve growth factor 
(NGF), bradykinin (BK) and prostaglandins (PGE) are 
activated, increasing membrane excitability. Second- 
order neurons in the trigeminal sensory nucleus complex 
react to the increased trafficking of action potentials from 
the nociceptor and sensitization of the neurons in the 
central nervous system occurs (64). A multitude of bio- 
logical responses takes place involving phosphorylation 
of NMDA receptors and activation of neurokinin and 
neurotrophic receptors (71). The understanding of the 
intracellular pathways is fairly advanced as they include 
alterations in gene expression of neurotransmitters and 
neuromodulators. Although the phenomenon of periph- 
eral and central sensitization can develop within min- 
utes, usually these processes are completely reversible in 
conditions with inflammatory types of pain. 

Nervous system injury pain (neuropathic pain) can 
occur if the peripheral nerve fibers are damaged (71), for 
example, due to surgery (third molar surgery, orthogna- 
thic surgery on the maxilla and mandible, insertion of 
implants, etc.) or to disease, such as postherpetic neural- 
gia or diabetic neuropathy and even pulpitis. Neuropathic 
pain may also develop following injury to the central 
somatosensory system, e.g. by stroke, multiple sclerosis 
and spinal cord injuries. The consequences of these 
lesions are spontaneous pain and hypersensitivity to 
painful stimuli (64). Thus, the primary afferent nerve 
fiber can initiate spontaneous discharges due to ectopic 
neural activity near the peripheral nerve lesion. 
Phenotypic changes and alterations in the expression 
and distribution of ion channels can occur, which con- 
tribute to an increase in membrane excitability (71). Thus, 
it is easy to understand that sensitized nerve fibers play 
an important role in neuropathic pain. 
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Unfortunately, the neurobiological mechanisms under- 
lying neuropathic pain are irreversible and resistant to 
current pharmacological therapy. The central nervous 
system also plays a significant role in these conditions. 
For example, one response at the second-order neuron is 
the loss of normal inhibitory mechanisms mediated by 
the neurotransmitter GAB A and glycine (71). There is 
evidence that 1 week after nerve injury, signs of apopto- 
sis appear in the dorsal horn neurons. Therefore, there is 
strong interest in developing therapies that will prevent 
activation of such changes to avoid disturbances in the 
delicate balance between inhibitory and excitatory path- 
ways (Core concept 16.3). 

The concept of functional pain is an evolving one. 
There appears to be nothing wrong in the peripheral 
tissues, but it is believed that for some unknown reasons 
there is an abnormal amplification and processing of 
peripheral stimuli in the central parts of the somatosen- 
sory system (71). Fibromyalgia, irritable bowel syndrome 
and possibly tension-type headaches are examples of 
this disorder. In contrast to the inflammatory and 
neuropathic types of pain in which there is local hyper- 
sensitivity to painful stimuli, in the functional types of 
pain this hypersensitivity is widespread and generalized. 
Comprehensive pain analysis and careful elucidation of 
the psychosocial aspects should be used to assess the 
somatosensory function in the painful and non-painful 
parts of the body (15). Simple tests of somatosensory 
function can easily be performed in the dental office and 
more elaborate tests (quantitative sensory tests - QST) 
are normally available at university clinics (64). 

Distinguishing neuropathic pain from other 
pain conditions 

From a management perspective it will be important to 
differentiate between the different types of pain. 
Neuropathic pain is a distinct condition and requires a 
careful clinical examination combined with confirmatory 
tests. To establish a definite diagnosis the following are 
required: 
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A key message regarding neuropathic pain is that the underlying 
neurobiological events cannot be detected by normal clinical inspec- 
tion or radiology of the painful region. Even in the absence of visible 
signs of structural damage, the somatosensory system may have 
undergone pathological changes which can explain many of the 
peculiar manifestations of neuropathic pain. For example, gentle 
brushing or touching of the painful region can often elicit strong pain 
that lasts longer than the stimulus - a situation referred to as allo- 
dynia (71). 



• occurrence of pain with a distinct neuroanatomically 
plausible distribution; 

• a history suggestive of a prior relevant lesion or dis- 
ease affecting the peripheral or central somatosensory 
system; 

• demonstration of the distinct neuroanatomical distri- 
bution by at least one confirmatory test (e.g. QST); 
and 

• demonstration of the relevant lesion or disease by 
at least one confirmatory test (e.g. magnetic reso- 
nance imaging or recording of electrophysiological 
abnormalities). 

Nevertheless, there will still be gray areas where the 
clinical manifestations of a nociceptive type of tooth pain 
may overlap with a neuropathic or functional type of 
pain. A diagnostic filter starting with exclusion of tran- 
sient, nociceptive pain and neuropathic pain will lead to 
relatively few patients ending up in the functional pain 
category (5). 

Pain genetics 

In the field of pain, one of the most intriguing discoveries 
is the association between certain types of genes and 
pain expression. It is common knowledge from the 
dental office that some patients are more susceptible to 
stimulation of the orofacial region, i.e. patients reporting 
very high levels of pain even in the absence of a strong 
nociceptive input via the primary afferent nerve fibers. 
And vice versa, there are patients who are much more 
"pain resistant". Notwithstanding the significance of the 
psychosocial aspects of pain, several genetic markers 
of "pain-sensitive" and "pain-resistant" patients have 
recently been identified. One of these markers is based 
on the polymorphism of the cathecol-O-methyl- 
transferase (COMT) gene. COMT is an enzyme that 
metabolizes catecholamines and is critically involved in 
pain perception, cognitive function and affective mood 
with a strong impact on the efficacy of the endogenous 
pain modulatory systems (75). Polymorphism of the 
adrenergic-receptor-beta-2 gene has been linked with 
differences in pain sensitivity. It is likely that there are 
many more gene candidates that may contribute to indi- 
vidual differences in the expression of pain and to anal- 
gesia. The significance of this new emerging knowledge 
is that there is a key to open some of the "black boxes" in 
understanding why pain is experienced differently. 



Relevance for tooth-related pain 

Dentists are usually good at understanding acute pain 
related to teeth. For most patients, stimulation of the 
tooth pulp, either by accident (trauma), drilling (proce- 
dural), caries (disease) or endodontic treatment, will be 
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associated with a painful experience. There are numer- 
ous techniques that can be used (the psychological 
aspects will be covered below) to prevent or relieve 
transient and inflammatory pain. However, neuropathic 
and functional types of pain related to the teeth are less 
well understood and the underlying mechanisms are 
different (described above). Additionally, the nociceptive 
pathways are influenced by sex and sex hormones and 
are genetically controlled. Therefore, it is important for 
the dentist to establish the type of tooth-related pain 
suffered by the patient and to remember that neurobio- 
logical factors also cause the clinical presentation of 
pain. 

Psychological factors affecting the pain 
experience 

Affective factors 

Impact of stress, fear and anxiety 

It is widely believed that anxiety is associated with 
increased pain report (14). A tense and anxious patient is 
more inclined to report pain during treatment than a 
relaxed one, since anxiety creates expectancy for future 
pain. An anxious patient who arrives for treatment with 
former pain memory is likely to expect pain during treat- 
ment. This causes the patient to selectively filter any 
information given prior to treatment and to focus on 
stimuli which can resemble, or be associated with, pain. 
For example, the slightest pressure on the tooth can be 
interpreted as pain and initiate a pain reaction. Arousal 
caused by anxiety may also lead to increased sympathetic 
activity and muscle tension, which may cause additional 
pain. 

Dental anxiety is a prevalent obstacle which affects 
human behavior in the dental setting (24). Among all 
dental situations, oral surgical procedures and endodon- 
tic therapies cause the highest levels of stress and anxiety 
(9, 26). According to Arntz et ah (4), anxiety experienced 
during dental treatment plays a role in maintaining the 
problem of inaccurate expectations of fear of treatment. 
For example, pain experienced by patients in oral 
surgery is best predicted by their anxiety at each time 
point (28). 

There is a high probability that patients who arrive for 
endodontic treatment are anxious and expect to experi- 
ence some degree of pain during treatment. This can 
cause patients to report pain during treatment even 
when there is no rationale (e.g. drilling in a tooth with 
non- vital pulp). Occasionally, proper local anesthesia is 
extremely difficult to achieve and the patient continues 
to complain of pain in spite of several attempts. These 
situations are closely associated with the patient's fear of 
dental treatment (41) (Key literature 16.1). 
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In an extensive review on pain and anxiety in dental procedures, Litt 
(51) found that in acute pain situations, anxiety and pain may be 
indistinguishable. Anxiety not only lowers the pain threshold, but 
may actually lead to the perception that normally non-painful stimuli 
are painful (e.g. vibration of the drill felt on an anesthetized tooth). 



By definition, pain is always subjective. In the clinic, 
there is no way to distinguish between pain due to 
psychological reasons and pain originating from actual 
tissue stimulation. In both, it is regarded and reported by 
the patient as pain and should be accepted and referred 
to as such. 

Impact of mood 

Mood, especially depression, influences pain perception 
and pain tolerance. There is a close relationship between 
chronic pain states and depression (63). It has been 
hypothesized that chronic pain and depression are 
closely related owing to similar neurochemical mecha- 
nisms involved in both disorders. Another reason for the 
depressed mood is the way in which chronic pain inter- 
feres with important areas of functioning, e.g. decline in 
social activities and social rewards (61). 

Mood can also affect pain perception in short-term 
acute pain situations, e.g. dental treatment. For example, 
acute pain perception can be affected by a film-induced 
mood condition (69). Subjects who watched a humorous 
film prior to a painful stimulus tolerated the pain chal- 
lenge better than other subjects. This suggests that psy- 
chological approaches could have a significant effect on 
the sensory dimensions of pain and that pain tolerance 
in patients can be substantially increased with simple 
measures, including the showing of humorous films in 
the waiting room. 

Cognitive factors 

One of the most potent forms of stress is pain. The pain 
experience includes actual confrontation with harm, 
which can be physical (e.g. injury), psychological (e.g. 
loss of control) or interpersonal (e.g. shame). As such, it is 
affected by both the potency of the stimulus and the 
individual's ability to cope with the stressful event (60). 

Attention versus distraction 

Almost any situation that attracts a sufficient degree of 
intense, prolonged attention (e.g. sports, battle) can 
provide conditions for other stimulation to go unnoticed, 
including wounds that would cause considerable suffer- 
ing under normal circumstances. Broadly defined, 



The multidimensional nature of pain 281 



distraction is directing one's attention from the sensa- 
tions or emotional reactions produced by a noxious 
stimulus. Generally, distraction reduces pain compared 
to undistracted conditions (54). 

Dentists can apply distraction techniques while treat- 
ing their patients, e.g. using background music and 
talking to the patient. Several advanced methods have 
been described as effective in the dental clinic, such as 
mounting a television monitor near the ceiling, or asking 
the patient to play a video game " against the house" (13). 
While distraction techniques that require attentional 
capacity are effective in reducing pain-related distress, 
even the simplest distraction technique is beneficial in 
reducing the patient's stress and pain perception. Studies 
have shown that the use of video glasses during dental 
scaling and restorations had no or only minor effects on 
the perceived pain. However, a striking finding was that 
most patients would still like to use the video glasses 
and reported a positive effect of this "distraction" tech- 
nique (7). 

Control 

Control affects stress, coping mechanisms and reaction 
to pain (50). People in pain usually search for informa- 
tion to give meaning to the experience. Therefore, anxiety 
and pain levels associated with dental procedures can be 
reduced by providing the patient with updated informa- 
tion on the forthcoming procedures and the description 
of the likely sensations. For example, patients provided 
with detailed information on how N 2 analgesia works 
showed higher pain tolerance thresholds to tooth pulp 
stimulation than patients without this information (22). 
Since the fear of uncontrolled, sudden, acute pain is a 
primary concern for most patients (48), continuous infor- 
mation regarding ongoing procedures is an important 
way to provide patients with some sense of control or 
involvement (Core concept 16.4). 

Pain beliefs and expectations 

Reaction to a stimulus, whether acute or chronic, is 
always affected by its meaning to the individual. For 
example, the patient can interpret an episode of an unex- 
pected, unexplained pain during treatment as a sign of 
the dentist's insufficient professional skills. This, in turn, 
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Providing patients with control over pain stimulation reduces pain 
and increases tolerance. A sense of control can be achieved for 
example by providing information regarding the anticipated and 
ongoing treatment. 



can develop mistrust in the dentist and cause the patient 
to interpret any further minor stimulus as a threat and 
evoke a pain reaction. Conversely, when mutual trust 
exists, the patient's belief in the necessity of the treatment 
makes these incidences bearable and less traumatic. 

In one experiment (3), subjects were requested to 
touch a vibrating surface for 1 second. Some were led to 
believe that the surface would cause pain, others that it 
would produce pleasure and the remainder had no hint 
on what vibrations would entail. As predicted, the "pain 
subjects" usually reported vibrations to be painful, the 
"pleasure subjects" as pleasurable and the "control 
subjects" as neutral sensations. This shows that expecta- 
tion of pain to occur during dental treatment increases 
the likelihood of pain to be perceived. Thus, dentists 
should be aware of their potential to evoke negative 
"nocebo" responses and to make prudent use of the 
positive "placebo" responses (Core concept 16.5). 

In stressful situations, behavior, thoughts and emo- 
tional reactions are influenced by the stimulus and by 
the individual's perception of "self -efficacy", which 
means one's belief in possession of relevant and neces- 
sary coping skills (6). Patients who believe they can 
successfully cope with the anticipated pain, increase the 
perception of pain tolerance and vice versa. Generally, 
people who avoid dental care because of fear and anxiety 
perceive themselves less able to tolerate pain. They often 
claim to have an "exceptionally low pain threshold" or 
report themselves as "completely unable to endure pain". 
A low self-efficacy further lowers their pain tolerance 
level during treatment and increases the probability that 
pain will be experienced (43) (Key literature 16.2). 



Core concept 16.5 



Coi 



A patient's expectation of a given clinical situation influences a final 
interpretation of a stimulus as painful or non-painful. An ambiguous 
sensation can be perceived as either pleasurable or painful based on 
individual cognitions and expectations. 



, 



Key literature 16.2 



In a study by Dworkin and Chen (21), subjects served as their own 
control when tooth pulp shock by an electronic pulp tester was deliv- 
ered in either a laboratory or clinical setting. A substantial decrease 
in the subjects' thresholds for sensation and pain and in pain toler- 
ance was found when patients were challenged in the clinical setting. 
From this study, it can be concluded that the patient's anticipation of 
threat and associated anxiety are potent cognitive mediators of pain 
behavior in the dental office. Thus, response to pain changes accord- 
ing to the situational context in which pain is experienced. 
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Pain prediction and memory 

Usually, memory for the general intensity of pain is 
good. However, the level of pain remembered by patients 
regarding their dental treatment is more closely associat- 
ed with their expectations of pain rather than their real 
experience (42). Furthermore, mood and affective states 
influence the memory of pain (29). 

Memory of past pain experience also depends on the 
intensity of present pain. When present pain intensity is 
high, patients remember the levels of their prior pain as 
more severe than originally recorded (23). This situation 
is occasionally seen among patients who experience 
postoperative pain after their first session of endodontic 
therapy. Postoperative pain causes patients to remember 
former treatment as more painful than originally experi- 
enced. This, in turn, leads to higher stress, higher pain 
expectations and lower pain tolerance in the next 
appointment with the dentist. 



Environmental factors 

Direct and indirect learning 

Part of our behavior results from life experiences. The 
concepts and coping strategies of various life events 
(including pain) are continually affected by learning 
processes. For a learned behavior to develop, exposure 
to the stimulus in question must occur, resulting in a 
response pattern (conditioning). Further reinforcement 
of the response pattern (positive or negative) leads to the 
acquisition of new behaviors. 

Unfortunately, the dental situation provides numer- 
ous opportunities for negative conditioning and acquired 
maladaptive behaviors. The most common stimulus is 
pain. Although acute pain can be avoided during dental 
treatment in most cases, there are still many adults who 
have had past experiences. Numerous learned behaviors 
associated with pain are based on negative reinforcement 
- something uncomfortable or fearful that should be 
avoided. This type of learning includes escape and avoid- 
ance (to avoid or prevent the unpleasant situation before 
it occurs), e.g. patients who react with symptoms of pal- 
lor, nausea, sweating, dizziness or even fainting during 
administration of local anesthesia. In many instances, 
symptoms originate in the patient's fear of pain rather 
than pathophysiological reasons. The situation can cause 
significant stress to the dentist who occasionally chooses 
to postpone treatment to the next appointment. Once 
the symptoms have served the patient as an adequate 
means to avoid the stressful situation, it may serve as a 
reinforcement to increase the probability of recurrence 
during subsequent confrontations. Patients develop a 
"fainting-prone" behavior that "protects" them from the 
need to face treatment. The negative pattern is further 



reinforced by the dentist's reluctance to treat patients 
with this medical history. 

Patients do not have to have direct experience for 
learning to take place. It can be the result of vicarious 
learning, i.e. observing what happens to another indi- 
vidual and assuming that one's own fate would be simi- 
lar in the same kind of situation. Indeed, observing others 
respond to painful stimulation could provoke or reduce 
the pain response of the observer (57). 

Social and cultural factors 

The influence of social environmental factors and the 
level of approval given by different societies for the 
public expression of pain have a significant impact on 
pain behavior. For example, while the Irish tend to deny 
their problems and complain less, the Italians are more 
dramatic, with more symptoms and bodily dysfunctions 
(73). Americans of Jewish and Italian origin prefer com- 
pany while in pain, whereas those from "Old American" 
and Irish origin tend to withdraw socially. "Old 
American" and Irish are usually non-expressive, whereas 
Jewish and Italians make no effort to control their emo- 
tional reactions to pain (72). There are also notable ethnic 
differences in the description of dental pain and the 
demand for local anesthesia, e.g. the Chinese seldom 
express the need for local anesthesia, whereas a minority 
of Americans will accept tooth drilling without local 
anesthesia; Scandinavians place themselves between 
these two groups (56). The acceptance of pain does not 
mean that the feeling quality of the sensation has 
changed. The sensation is always unpleasant, but the 
unpleasantness is tolerated when cultural traditions call 
for its acceptance. 

While ethnic groups differ regarding factors that influ- 
ence responses to pain, similarities exist in their report- 
ing of the responses. For example, in facial pain patients, 
responses, attitudes and descriptions are relatively simi- 
lar in Black, Irish, Italian, Jewish and Puerto Rican. Most 
items in which interethnic differences were found con- 
cern emotions (stoicism vs expressiveness) in response to 
pain, and interference in daily functioning attributed to 
pain (49). 

Further evidence exists that some pain dimensions 
(time, intensity, location, quality, cause and curability) 
are universal, while others are culture specific. 



Gender and pain 

The literature is controversial regarding gender differ- 
ences in response to pain perception. Some reports claim 
that women exhibit greater sensitivity to noxious stimuli 
than men (30), but other studies show only a few gender 
differences in ratings of chronic and experimental pain, 
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pain-related illness behavior and personality (11). A 
recently published consensus report summarizes the 
experimental studies of sex differences in pain and 
analgesia, the clinical and psychosocial studies of sex and 
gender differences in pain and analgesia, and the trans- 
lational research in this area. The report concludes that 
although the evidence is not strong enough to warrant 
sex-specific pain interventions in most situations, includ- 
ing sex as a factor in clinical trials and reporting any dif- 
ferences in outcomes are paramount in addressing the 
lack of research in this area (33). 



A neurobiological perspective on sex-related 
differences in pain experience 

There are many differences in the way women and men 
experience and report pain, including pain from the 
orofacial region. Some of these differences may be related 
to the multidimensional nature of pain in which gender 
expectations, societal influence on pain behavior 
and other factors play important roles. Recently, studies 
have also shown that there can be neurobiological differ- 
ences in the transmission and processing of nociceptive 
inputs (12). 

Neurophysiological studies have provided strong 
evidence that primary afferent nerve fibers in female 
rats are much more sensitive to nociceptive inputs from 
the jaw muscles and temporomandibular joint (TMJ) 
than those in male rats. Thus, a greater afferent barrage 
is evoked by a painful stimulus applied to the masseter 
muscle or TMJ, based on the differences in expression 
of NMDA-receptor subtypes. Animal studies cannot 
be directly extrapolated to the clinical situation, but 
human parallel studies have shown greater sensory- 
discriminative pain scores in women than in men (12). 

Studies have also demonstrated that the responsive- 
ness of the second-order neuron in trigeminal sensory 
nucleus complex following painful stimulation of the 
orofacial region is significantly greater in women than in 
men. In terms of responsiveness to analgesics, such as 
opioids, there is now favorable evidence for sex-related 
differences, at both the peripheral and central levels in 
the nociceptive pathways (12). 

Finally, brain imaging techniques have been used to 
demonstrate that activation of endogenous pain inhibi- 
tory pathways following painful stimulation of the 
orofacial region differs between men and women, with 
women having much less inhibition (74). Several other 
studies are in accordance with this suggestion based on 
psychophysical examinations of the diffuse noxious 
inhibitory control phenomena (62). 

Overall, men and women are likely to have a number 
of significant functional differences in their nociceptive 
pathways that could contribute to different expressions 



of pain often encountered in the dental office (Core 
concept 16.7). 

A psychosocial perspective on sex-related 
differences in pain experience 

In a review regarding gender variations in clinical pain 
experience, Unruh (66) reports that women are more 
likely to experience a variety of recurrent pains than 
men. Women report more severe levels of pain, more 
frequent pain and pain of longer duration than men. 
Women may be at greater risk for pain-related disability 
than men, but women also respond more aggressively to 
pain through health-related activities. Men may be more 
embarrassed by pain than women and the meaning of 
pain may be affected by sociocultural factors and the 
perceived position of men and women in society. 
Embarrassment may cause men to minimize pain unless 
it increases in severity and interferes with work. 
Minimization of pain may be consistent with social and 
cultural norms that accept insensitivity to pain and pain 
endurance as measures of virility. 

There are considerable differences between types of 
clinical pain (35). Experimental pain, produced under 
controlled conditions by brief, noxious stimuli, differs 
from procedural and postsurgical pain. These kinds of 
pain have different meanings and make the study of 
pain more complex. 

Both men and women make different assessments of 
procedural pain and thus may be affected differently by 
the experience (25). In a study regarding clinical pain in 
the dental office (27), it was shown that men expect to 
experience more pain preoperatively than women but 
remember less pain postoperatively. It was concluded 
that in clinical situations cognitive pain perception differs 
between genders, a fact which may originate in psycho- 
social factors, such as expected sex roles. 



r~ 



Core concept 16.6 



As in any other "stressor", pain experience is also influenced by indi- 
vidual learned responses. Respondent and operant conditioning, 
indirect learning through modeling and suggestions, and social learn- 
ing have a significant impact on the pain experience (10). 



. 



Core concept 16.7 



Men and women differ in: 

Primary afferent fiber excitability 

Degree of sensitization in second-order neurons 

Efficiency of endogenous pain modulatory pathways 
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Sensory focus and control are other factors closely 
related to the experience of acute pain. Focusing on pain 
helps men, but not women, to cope successfully with 
experimental pain (44). In a dental setting, sensory focus 
reduces sensory pain intensity among patients classified 
as having a high desire for control and a low perceived 
control (52). Since men and women differ in their pattern 
of cognitive competencies, including psychological con- 
trol mechanisms (32), these differences may significantly 
affect their report of pain. 

Unfortunately, pain is not a physical sign that can be 
measured directly. Clinical pain relies on the patient to 
detect the sensation, label it as pain, express it and seek 
treatment. Despite the progress that has been made dur- 
ing the past decades, stereotypes concerning how boys 
and girls should behave and what they should feel are 
still deeply incorporated in our societies. Both genders 
receive different clues from their environment regarding 
how to label their physiological arousal. Thus, girls could 
develop a greater tendency to label vague physiological 
states as painful (47). This cognitive appraisal may be less 
important when there is an obvious causal factor for the 
pain. However, it may be of greater importance when 
environmental clues are more equivocal. 

A review of the literature on gender and clinical pain 
reveals a disproportionate representation of women 
receiving treatment for many pain conditions and sug- 
gest that women report more severe pain, more frequent 
pain and pain of longer duration than men. Dao and 
LeResche (16) summarized gender differences with 
regard to orofacial pain conditions. There is basic agree- 
ment that fluctuations of hormonal states affect the pain 
experience in women and that factors, such as the struc- 
tural organization and function of the sympathetic 
nervous system and intrinsic descending pain inhibitory 
systems, differ in men and women (see above). The 
higher prevalence of chronic orofacial pain in women is 
due to sex differences in generic pain mechanisms and to 
as-yet unidentified factors unique to the craniofacial 
system (16). 

Apparently, men and women differ in their appraisal 
of clinical pain. Interference of pain has a greater impact 
of threat appraisal of pain in women, which in turn, is 
associated with women's health care utilization (67). The 
higher use of specific health care services in women com- 
pared to men is partially explained by psychological 
need and meaning (68). 

Women also report a greater number of female pain 
models (mother, sister, grandmother, aunt) than male 
pain models while no such difference is apparent for 
men (46). Thus, women may learn to observe their own 
gender and other people's pain and health status more 
through modeling their behavior to that of their female 
significant others and through rewards from the social 
environment. 



Special populations 

Effect of psychiatric illness and of cognitive 
impairment on the pain experience 

The issue of pain perception and reaction in patients 
with psychiatric illness and with cognitive impairment is 
still controversial, with the general tendency to label 
these subjects as relatively "insensitive" to pain. Since 
the early 1990s, the literature has included studies that 
evaluate pain perception in various psychiatric disorders, 
such as borderline personality disorder, major depres- 
sion and schizophrenia (2, 8, 19, 34, 58). 

Reports indicate that relative to healthy subjects, indi- 
viduals with schizophrenia are insensitive to physical 
pain associated with illness and injury. In one study, 
patients with schizophrenia had a significantly poorer 
sensory discrimination of painful thermal stimuli than 
control subjects, but did not differ from controls with 
respect to their response criterion for reports of pain (19). 
It was suggested that the pain insensitivity in schizo- 
phrenia may reflect affective and sensory abnormalities. 
Another study showed that the leg flexion nociceptive 
reflex threshold (claimed to correlate with the pain 
threshold) in patients with schizophrenia did not differ 
from that recorded in the control population (34). This 
result was contradicted by Blumensohn et ah (8), who 
showed that with electronic tooth pulp stimulation, 
sensation threshold, pain threshold and pain tolerance 
were significantly higher in patients with schizophrenia 
compared to age- and gender-matched healthy controls. 
A recent meta-analysis on hypoalgesia in schizophrenia 
substantiates the hypothesis of a diminished pain 
response in patients with schizophrenia and suggests 
that the hypoalgesic effect cannot be solely explained by 
the effects of antipsychotic drugs and that it may not be 
a pain-specific blunted response (58). 

The clinical observation that different conditions may 
affect subjects' sensory abilities has gained increasing 
interest in the professional community. For example, 
individuals with Down syndrome express pain or 
discomfort more slowly and less precisely than the 
general population (36), and individuals with cognitive 
impairment (CI) are at an increased risk of experiencing 
pain. Nonetheless, they are often prescribed significantly 
less analgesic medication compared with cognitively 
intact individuals. These individuals may also experience 
delayed diagnosis and management of painful medical 
conditions, setbacks in hospitalization and increased 
death rates. This injustice might result from the tendency 
of individuals with CI not to report pain in potentially 
harmful situations and from the difficulty in assessing 
pain owing to their poor communication skills. 
Consequently, these individuals are regarded as less 
sensitive to pain than their cognitively intact peers. 
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Individuals with severe-to-profound CI exhibit high 
rates of " freezing reaction' 7 (stillness) during injection, 
which could be misinterpreted as not experiencing pain 
(17). Lack of bodily manifestation among CI patients 
does not necessarily mean that pain does not exist. Facial 
reactions alone, as a representative of pain, often provide 
a false impression that individuals with severe profound 
CI are insensitive to pain (due to freezing). 

These studies draw our attention to individuals whose 
ability to communicate their sensations and feelings may 
be severely impaired. Since pain is a subjective experi- 
ence, mostly evaluated according to subject's reactions 
and report, the absence of reaction or report is sometimes 
interpreted as lack of pain. Thus, care should be taken 
that these patients are not underdiagnosed and/or 
undertreated with regard to pain problems. The usual 
definition of pain and pain-related behavior, such as 
moaning, withdrawal reflexes and mimic responses 
indicative of pain, should be remembered when treating 
CI patients. 



Management and treatment of pain 

Dentists should be aware of the important distinction 
between "management" and "treatment" of pain. 
Treatment implies that the cause can be identified and 
cured, e.g. pain due to pulpitis (inflammatory pain) can 
be efficiently treated by pulpectomy. However, neuro- 
pathic and functional types of pain, e.g. "atypical odon- 
talgia", can rarely be cured because the underlying pain 
mechanisms are only partially understood. The goal in 
these cases is to relieve the pain and improve function, 
i.e. to manage the pain. 

Systematic attempts to manage pain have been closely 
aligned with how pain is conceptualized and evaluated. 
Traditionally, the focus in medicine (and dentistry) was 
on the cause of the reported pain, with the assumption 
that there was a physical basis for the pain and once it 
was identified the source could be blocked by medical or 
operative intervention. In the absence of a physical basis, 
the situation was labeled as "psychogenic pain". 

Today, it is widely accepted that this dichotomous 
view of the pain experience is incomplete and inade- 
quate. There is no question that physical factors contrib- 
ute to pain symptoms, or that psychological factors play 
a part in pain reporting of patients. Therefore, in acute 
and chronic pain management, both aspects should be 
incorporated. 



textbooks on this issue. The pharmacological strategies 
that can be considered in neuropathic and functional 
types of orofacial pain will be mentioned. The transient 
and inflammatory types of pain are covered elsewhere in 
this book. 

There is general agreement that analgesic effective 
drugs used for transient and inflammatory types of pain 
(e.g. acetaminophen, acetylsalicylic acid and non- 
steroidal anti-inflammatory drugs) have little use in the 
management of neuropathic pain. The current guide- 
lines recommend the use of low doses of tricyclic antide- 
pressants (TCA), such as nortriptyline and desipramine 
(20), selective serotonin and norepinephrine reuptake 
inhibitors (SSNRIs), such as duloxentine and venlafaxine, 
calcium channel alpha 2 -delta ligand compounds (e.g. 
gabapentin and pregabalin) have proven efficacy in 
various neuropathic pain conditions, as well as topical 
lidocaine and opioid agonists. Less effective and thus not 
first-line medications are tramadol (weak mu-opioid 
agonist and inhibitor of reuptake of norepinephrine and 
serotonin), NMDA-receptor antagonists and topical 
capsaicin. These compounds interfere with one or more 
of the ion channels and receptors that are activated in 
the somatosensory pathways in conditions with neuro- 
pathic pain. In patients with functional types of pain, 
TCA and SSNRIs have been suggested (5). It should be 
emphasized that pharmacology is only one way to man- 
age pain and should be accompanied by appropriate 
techniques to deal with the psychosocial issues (64). 

Targeting the psychological factors 

Treatment of acute pain includes strategies based on 
information, distraction, relaxation and hypnosis (31). 
Generally, preparing the patient with coping skills, such 
as information, distraction and relaxation, helps to 
reduce the discomfort of potentially painful dental pro- 
cedures. Patients properly prepared show less anxiety 
and report lower pain. Non-pharmacological strategies 
facilitate acute pain management and are relatively easy 
to learn and perform. They should be part of the profes- 
sional training of every general and specialized dentist, 
especially endodontists. 

Effective treatment strategies for management of pro- 
longed chronic pain conditions (e.g. temporomandibular 
disorder pain) include operant conditioning, cognitive- 
behavioral therapy, psychodynamic therapy, group 
therapy, biofeedback, relaxation and hypnosis (Core 
concept 16.8). 



Targeting the neurobiological factors 

It is beyond the scope of this chapter to review all 
approaches that interfere with the neurobiological 
aspects of orofacial pain. The reader is referred to other 



Role of hypnosis as a mode for pain management in 
dental care 

In spite of its ancient roots, hypnosis has been accepted 
only recently as a scientific and medical tool. Hypnosis 
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Core concept 16.8 



Hypnosis has numerous potential applications in dentistry, including 
treatment of patients who suffer from dental fear, anxiety and pho- 
bia, excessive gagging reflex, managing acute and chronic pain, 
increasing patient compliance with dental hygiene, and enhancing 
patient adaptation to dentures. 



J 



has been surrounded by myths and mystery for so long 
that even today popular misconceptions exist. There is 
no doubt that it is a powerful therapeutic tool. The 
constantly increasing number of reports on hypnosis 
appearing in the scientific literature indicate an endur- 
ing willingness on the part of the scientific community to 
accept it as a legitimate topic for clinical and research 
investigation. 

Hypnosis has been described in the dental literature as 
having a dramatic effect when used as a sole anesthetic. 
Under hypnosis, procedures, such as extractions, pulp- 
otomies and pulpectomies, have been performed with- 
out other anesthetic agents (37). 

In endodontic treatment and in other dental proce- 
dures, hypnosis is used to enable treatment without 



stress or pain. For example, hypnosis can reduce both 
the strength and unpleasantness of electrical tooth pulp 
stimulation (38). The use of hypnosis to induce local 
anesthesia is especially effective for medically compro- 
mised patients (53), for patients with specific fears (e.g. 
dental syringe, needle or injections) and in treating 
patients with true (or suspected) hypersensitivity to local 
anesthetic agents. Additionally, hypnosis can be used as 
an effective tool in the treatment of myofascial pain, 
especially with some of the subjective pain parameters 
(70). 

Although it was previously shown that both pain 
effect and pain sensation are reduced in hypnosis, it has 
been suggested that hypnosis may exert a more power- 
ful reduction of pain effect than pain sensation (59). A 
significant effect has been shown when hypnosis was 
used on patients with persistent idiopathic types of 
orofacial pain (functional pain) (1). According to pain 
diaries, there was consistent and clinical significant pain 
relief over the course of five sessions with hypnosis. 
Ongoing studies are also addressing the neurobiological 
mechanisms responsible for the pain-relieving effects of 
hypnosis, e.g. role of the forebrain and brain stem and 
genetic profiles. 



Case study 

Generally, anxiety increases the perception of noxious 
events as painful. Fear and anxiety are often encountered 
in the dental situation. Therefore, it could have a major 
effect on the patient's report of pain and concomitantly 
on the diagnosis (and treatment) of various dental 
pathologies, including endodontic lesions. 

A 16-year-old girl suffering from dental phobia arrived 
at a dental clinic for a routine examination. Owing to 
high dental anxiety, the patient had previously received 
treatment under general anesthesia. On entering the 
clinic, she manifested a high degree of apprehension 
but agreed (with apparent stress) to undergo "initial" 
examination. 

Examination revealed a radiolucent lesion between 
the roots of teeth 12 and 13. Sensibility tests performed 
on the teeth adjacent to the lesion evoked a clear pain 
response, suggesting a non-endodontic etiology. To 
avoid possible misdiagnosis, the tests were repeated sev- 
eral times by two independent dentists with identical 
result. Contralateral teeth reacted in a similar manner. 
The patient was referred for further consultation to an 
oral surgery clinic. The outcome of sensibility tests was 
consistent with previous results. Each time a cold or elec- 
trical stimulus was applied to the teeth in question, the 
patient reacted with pain coupled with apprehension. 



It was decided to perform an excision biopsy of the 
lesion under general anesthesia. Owing to the proximity 
of the lesion to the apex of tooth 12, it was assumed that 
following the biopsy a possible devitalization of the tooth 
would occur. To avoid this complication and further 
trauma, preventive endodontic treatment was suggested 
prior to biopsy. 

When the pulp of tooth 12 was opened, a non-vital, 
necrotic tissue was revealed. The canal was cleaned and 
sealed without further intervention. Six months later the 
lesion had resolved and no further treatment was 
necessary. 

Comment: Pain is often a poor indicator of the cause of a 
condition. In this particular case, patient anxiety, stress 
and anticipation of pain may have led to subjective inter- 
pretation of the applied stimuli as pain and to a clinical 
reaction that suggested the presence of a vital pulp. In 
the diagnosis of endodontic pathology, pain often serves 
as an important parameter of evaluation. The high inci- 
dence of fear and anxiety among dental patients, and the 
influence of anxiety on the pain experience, call for a 
reserved frame of mind to individuals' report of pain. 
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Adverse reaction to local anesthesia 

Occasionally, a patient presents a history of hypersensi- 
tivity to local anesthetic agents. Symptoms usually include 
immediate reactions to the injection procedure (dizzi- 
ness, shortness of breath, tachycardia, etc.). Although the 
true incidence of local anesthetic allergy is low, this type 
of history often involves the patient's and dentist's anxi- 
ety regarding the use of the drug in question. Hypnosis 
can play a major role in controlling pain and the associ- 
ated distress. In many cases, adverse reactions to local 
anesthetic are psychogenic in nature. Fear of injection, or 
of dental treatment in general, could lead to some of the 
most frightening "allergic" reactions - tachycardia and 
vasodepressor syncope. Even patients with a former 
diagnosis of allergy may not be allergic (18). Patients cor- 
rectly or incorrectly labeled as "allergic" tend to postpone 
routine treatment until pain is intolerable, resulting in 
deterioration of their dental condition. Again, hypnosis 
may be used as an efficient tool to induce analgesia/anes- 
thesia and to enable routine dental care. Generally, the 
hypnotic response is easily achieved because of the 
patient's high motivation and because the method is 
only used to achieve analgesia. Consequently, patients 
do not expect any "psychological" intervention and, 
therefore, have less need to mobilize psychological 
defenses (45). 

Concluding remarks 

This chapter has reviewed the current knowledge related 
to the many and often complex dimensions of pain. It is 
important for dentists working with endodontics that 
they have a good understanding of the neurobiological 
pain mechanisms underlying tooth-related pain condi- 
tions, as well as the influence of psychosocial aspects. 
Most often, pain is neither just a neurobiological phe- 
nomenon nor a pure psychological construct and this 
needs to be acknowledged in the diagnosis and interven- 
tion strategies. In the endodontic clinic, treating and 
managing pain from a multidimensional perspective is 
an important challenge. 
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Introduction 

A case scenario 

A 48-year-old male visits your dental clinic because of 
mild pain from the right lower jaw. The patient has 
recently moved to your city. He tells you that he had two 
porcelain crowns made about 2 years ago. Approximately 
6 months after the crowns were placed he began to feel 
some diffuse discomfort. Now he wants to see if anything 
can be done about his problem. At the clinical examina- 
tion you find crowns on the first and second right lower 
molars. There is no tenderness to percussion or palpa- 
tion. You tell the patient that it is necessary to perform a 
radiographic examination, and he accepts. In the radio- 
graphic image you detect signs of periapical bone 
destruction in relation to both the mesial and the distal 
root of the first molar. You tell the patient that you must 
test the vitality of the tooth, but probably the pulp is 
dead and microbes have invaded the root canals and 
caused an inflammatory response in the tissues sur- 
rounding the root tips. You probably will have to perform 
root canal treatment. In this situation a keen patient, 
besides the cost of the treatment, is likely to have many 
questions: 

• How sure can you be of the diagnosis? 

• What caused the pulp necrosis? 

• Is periapical inflammation a common finding? 

• What factors are associated with an increased risk? 

• What is the probability that the suggested treatment 
will cure the disease? 

• Will my general health be compromised if the tooth is 
not treated? 

• How long can a root filled tooth be retained? 

To answer these questions and predict what will happen 
in this specific case you have to rely on various sources 
of information: basically on the dental scientific litera- 
ture, but also on your own experiences and information 
and advice of colleagues. In this chapter you will find 
an overview of relevant data found in the scientific 
literature. 



Clinical epidemiology 

From a conceptual point of view endodontic treatment 
might be regarded as a set of procedures used to either 
prevent or treat apical periodontitis (AP) (58). Thus, the 
treatment of a case with pulpitis is considered to be suc- 
cessful if the treatment prevents AP from developing. 
Accordingly, the treatment of a case with an infected 
necrotic pulp and periapical inflammation is considered 
successful if, after a healing period there are no clinical or 
radiographic signs of AP. 

With this conceptual model in mind it becomes impor- 
tant to study the prevalence, incidence and healing of AP 
in various populations, and to identify factors that influ- 
ence these parameters. Such studies enable us to make 
predictions about individual patients. The science based 
on studies of groups of patients to ensure that the predic- 
tions are valid is called clinical epidemiology (26). Clinical 
epidemiology seeks to answer important clinical ques- 
tions using methods developed by epidemiologists (Core 
concept 17.1). 



Epidemiological methods 

Epidemiology is the study of factors affecting the health 
and illness of populations and is of fundamental impor- 
tance when interventions are to be made in the interest 
of public health and preventive medicine. It is consid- 
ered a basic methodology of public health research and 
is highly regarded in evidence-based medicine for iden- 
tifying risk factors for disease. Furthermore, epidemiolo- 
gy is essential to establish optimal treatment approaches 
in clinical practice. Epidemiological studies are generally 
based on samples of populations. Populations are large 
numbers of people in a defined setting (e.g. Denmark or 
the county of Vastra Gotaland in Sweden) or with a 
certain trait or characteristic (e.g. AP or root filled teeth). 
For practical reasons it is usually impossible to examine 
every individual in the population, therefore a sample or 
a subset of the population is selected. In the selection of 
the material and registration of data the investigator has 
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Core concept 


1 7.1 Definition of common concepts 




used in epidemiological 




research 


Population: 


Large group of people in a defined setting 


Sample: 


Subset of a population 


Bias: 


A process at any stage of inference tending to 




produce results that depart systematically from 




the true values (selection, measurement, 




confounding) 


Exposure: 


Any agent or factor that is thought to cause 




disease 


Outcome: 


The measure of disease occurrence 


Prevalence: 


The total number of present cases at a given 




point of time 


Incidence: 


The number of new cases that appear over a 




given period of time 


Risk: 


The probability of some untoward event (the 




outcome) 


Risk factors: 


Characteristics that are associated with an 




increased risk of becoming diseased 


Prognosis: 


Prediction of the future course of disease 


Prognostic factors: 


Conditions that are associated with a given 




outcome of the disease 


Odds: 


Ratio between two probabilities 


Odds ratio: 


Ratio of disease when exposed relative to ratio 




of disease when unexposed 


Relative risk: 


Risk of disease when exposed relative to risk of 




disease when unexposed 



to control for bias. Bias is defined as "a process at any 
stage of inference tending to produce results that depart 
systematically from the true values' 7 (52). Bias in relation 
to selection of patients is called selection bias and bias in 
relation to collection and registration of data is called 
information bias. 

Another problem that may appear in epidemiological 
research is confounding. A confounding variable is asso- 
ciated with both the probable cause and the outcome, 
but is not included in the chain of cause and effect. For 
example it is known that smoking may cause larynx 
cancer, and it is known that smoking is frequent among 
individuals with heavy consumption of alcohol. If we 
want to estimate the effect of alcohol on larynx cancer, 
of course we then have to adjust for the confounding 
variable "smoking". 

Epidemiologists use different types of study designs 
with varying levels of evidence. In dentistry the most 
frequently used are case series, which also represent the 
lowest level of evidence, followed by cross-sectional 
studies, case-control studies, cohort studies and eventu- 
ally experimental studies (randomized controlled trials) 
which represent the highest level of evidence. 

In a case series study a number of cases are collected 
in an ad hoc manner and the experience of a group of 



patients with a similar diagnosis or treatment is described. 
The sample is not necessarily drawn from a well-defined 
population. For example, teeth treated for pulpectomy in 
a certain clinic are followed over a period of time (often 
2-4 years). At the end of the period the number of 
"successful" treatments (no symptoms or signs of AP) 
and number of "failures" (signs of AP) are registered. 
This type of study is rather common in endodontology. 
The classic study published by Strindberg (75) is a good 
example of a case series. Case series are mostly used to 
generate hypotheses that can be explored in other study 
models, since generalization is seldom justified. 

In cross-sectional studies the prevalence (person-level) 
and frequency (tooth-level) of AP may be estimated, and 
risk indicators associated with the presence of AP may be 
identified. In this study design a sample of a well-defined 
population is examined at a specific moment in time. To 
assess the magnitude of a problem in a population, all 
individuals may be examined one by one, or a represen- 
tative sample of the total population may be drawn. 
Often the latter is chosen because it is the most cost- 
efficient method to retrieve an estimate of the disease 
prevalence. The possibility of generalizing from the 
results therefore depends on how representative the 
study population is. During the last 20 years several 
cross-sectional studies addressing endodontic status in 
various countries have been performed (for an overview 
see Ref. 30). Sometimes cross-sectional studies are 
repeated, like the examinations of 35-year-olds living in 
Oslo, Norway. The investigation was originally carried 
out in 1973 and then repeated in 1984, 1993 and 2003 (73). 
Obviously each sample consists of different individuals 
and such a study design allows researchers to monitor 
population trends. 

In a case-control study cases are selected according to 
outcome and within a well-defined population. Controls 
are individuals who could have been cases if they had 
developed the disease. Thus they should be selected 
from the same population as the cases, during the same 
time period and independent of exposure status. Case- 
control studies are an efficient way of retrieving estimates 
on the risk of different exposures, but are vulnerable to 
information bias since participants must remember past 
exposures. This study design has infrequently been used 
in endodontic research. 

In a cohort study or longitudinal study, a well-defined 
group of people sharing a common experience or condi- 
tion is followed over time. The group may include both 
healthy and diseased individuals. Since it is the same 
individuals who are examined repeatedly, a cohort study 
could be used to estimate both incidence and healing 
rate of a disease. Furthermore, risk factors can be identi- 
fied and quantified (22, 30, 42, 43, 59). 

Randomized controlled trials (RCTs) are studies in which 
subjects are assigned on a random basis to participate in 
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one group receiving one treatment or another group 
receiving another treatment. The study design ensures 
that known and unknown confounding factors are 
evenly distributed between treatment groups by random 
allocation of subjects. RCTs are considered the most reli- 
able form of scientific evidence in health care, because 
they eliminate spurious causality and bias. 

In the following we will try to find answers to the 
clinically important questions mentioned earlier. The 
approach is inspired by Fletcher and Fletcher (26). 



Diagnosis 

Question: How sure can you be of the diagnosis of AVI 
Since AP is infrequently associated with clinical symp- 
toms, most epidemiological studies are based on data 
obtained from radiographic images. As in all diagnostic 
systems the accuracy is not perfect and the unavoidable 
presence of false-positive and/or false-negative diagnoses 
must be carefully considered and a strategy chosen (see 
Chapter 14). In radiographically based surveys the pres- 
ence or absence of AP is often related to the occurrence 
of carious lesions, the quality of the coronal restoration 
and various technical aspects of the root filling. However, 
the two-dimensional nature of conventionally obtained 
radiographic images may not reveal minor occlusal, 
buccal or oral carious lesions, and approximal caries may 
be detectable only when a certain degree of demineral- 
ization has occurred (32, 63). There are similar limitations 
when the quality of restorations is evaluated in the 
radiograph. On the other hand, approximal defects 
may be more readily detected radiographically than 
clinically. 

When the technical quality of root fillings is classified, 
the seal against the canal wall and the distance from the 
end of the root filling to the radiographic apex of the 
tooth are usually assessed and measured. Several studies 
have pointed out the difficulties in defining and main- 
taining radiographic criteria for the quality of seal result- 
ing in substantial intra- and interobserver variation. 
Forsberg (27) found that when the distance between the 
root filling and the apex was measured the paralleling 
technique was superior to the bisecting-angle method. 

Many epidemiological investigations just report on 
the presence or not of AP (or more exactly, the presence 
or not of periapical radiolucencies). Strindberg (75) based 
a very influential system for evaluating the outcome of 
endodontic therapy on this idea. 0rstavik et al. (57) did a 
more detailed interpretation of the radiographic image 
and proposed a five-step score (from a healthy periapical 
bone to severe AP), the "periapical index" (PAI). The PAI 
is based on original studies by Brynolf (11) in which 
she compared histology and radiography of periapical 
biopsy specimens (Key literature 17.1) Whatever system 



is used for radiographic diagnosis of AP there are 
obvious problems with the accuracy and a substantial 
body of studies has been concerned with observer varia- 
tion, calibration and observer strategy. The theoretical 
background to observer variation and how such prob- 
lems could be handled are discussed in more detail in 
Chapter 14. 

The short answer: No diagnostic method is perfect and the risk 
of false-positive and false-negative diagnoses cannot be com- 
pletely eliminated. However, in the clinical situation various 
diagnostic tests are combined and if radiographic signs of AP 
are found in combination with, for example, a negative pulp 
vitality test, the accuracy of the diagnosis is very good. 



Cause 

Question: What caused the pulp necrosis? 
Pulp necrosis is most frequently preceded by pulpal 
inflammation and caries generally is regarded as the 
main etiological reason for pulpal injury and endodontic 
treatment (see Chapter 2). This notion was supported by 
data from a study by Bjorndal et al. (8), who sent a ques- 
tionnaire to 600 randomly selected Danish general dental 
practitioners. The practitioners were asked to recall the 
reason for doing their last root filling. Caries in teeth 
with vital pulps were given as the reason for performing 
root canal treatment in 55% of the cases. Kirkevang et al. 
(43) performed a cohort study including 473 individuals 
with 12443 teeth and found that teeth with primary 
caries had an increased risk of developing AP during a 
5-year period (odds ratio = 2.9). 

If the pulp resists a caries attack and survives there are 
several potential threats in the subsequent restoration of 
the crown. The use of rotary cutting instruments, leak- 
age of bacterial elements along the margins of restora- 
tions and toxic effects of medicaments and materials 
used to restore cavities and cement crown and inlays 
may provoke pulpal inflammation and initiate processes 
that will lead to necrosis (see Chapter 2). Bergenholtz 
and Nyman (5) studied the effect prosthetic interven- 
tions might have on the pulp. They compared 255 abut- 
ment teeth and 417 non-abutment teeth in 52 patients 
treated for advanced periodontal disease. All pulps were 
initially diagnosed as vital and the observation period 
varied from 4 to 13 years (mean = 8.7 years). Pulpal 
necrosis (including periapical lesions) developed more 
frequently in abutment teeth than in non-abutment teeth 
(15% vs 3%). This finding was supported by a Danish 
cohort study where the presence of a filling as well as a 
crown increased the risk of developing AP, odds ratios 
being 2.8 and 7.9, respectively (43). Thus, pulp necrosis 
may be the result of repeated injuries that affect the pulp 
unfavorably. 
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Key literature 17.1 Systems for radiographic evaluation of the periapical tissues 



Strindberg's (75) radiographic criteria for root canal treatment outcome were: 

• "Success" when (a) the contours, width and structure of the periodontal margin were normal, and (b) the periodontal contours were widened 
mainly around the excess filling. 

• "Failure" when there was (a) a decrease in the periradicular rarefaction, (b) unchanged periradicular rarefaction, and (c) an appearance of new 
rarefaction or an increase in the initial. 

• "Uncertain" when (a) there were ambiguous or technically unsatisfactory control radiographs which could not for some reason be repeated, or 
(b) the tooth was extracted prior to the 3-year follow-up owing to unsuccessful treatment of another root of the tooth. 

The periapical index (PAI) 

0rstavik etal. (57) used the results from a study by Brynolf (11) to develop an index for registration of AP, the periapical index (PAI). The index 
consists of five categories, each representing a step on an ordinal scale from sound periapical bone to severe apical periodontitis. 

The visual references of the periapical index (PAI) (57) 





i ' '' 







Before using PAI, a calibration course for the PAI system should be followed. When a tooth is to be scored, the observer should find the reference 
radiograph, by visual comparison, in which the periapical area is most similar to the periapical area of the tooth under evaluation. The corresponding 
score should then be assigned to the tooth. If the tooth is multirooted the highest score given to a root should be assigned to the tooth. If in doubt 
the higher score should be chosen. 



The short answer: Necrosis often is the result of several accu- 
mulated injuries to the pulp. Even the most meticulous practi- 
tioner must expect some treated teeth to become necrotic. 



Prevalence, frequency and incidence 

Question: Is periapical inflammation a common finding? 
Epidemiological studies on samples drawn from various 
populations demonstrate that AP is very common in 
adults. In the body of published data the prevalence of 
AP varies between 22 and 80% of the investigated indi- 
viduals (Fig. 17.1), and the frequency of AP at tooth level 
is reported to be between 1 and 14% (Fig. 17.2). 

Root fillings are frequently performed in Western 
countries and cross-sectional studies find 25-75% of indi- 
viduals in various populations to have at least one root- 
filled tooth (30). Bjorndal and Reit (9) observed, despite 
the decreased caries prevalence, an increased number of 
endodontic treatments performed in Denmark between 
1977 and 2003. At the same time a drastic reduction in 
tooth extractions was observed indicating a change in 
treatment attitude. To a greater extent molars were kept 



and root filled instead of being extracted. Kirkevang et al. 
(40) compared two Danish subpopulations sampled in 
1974-5 and 1997-8 and found that molars had become 
the most frequently root filled tooth group. Ridell et al. 
(66) found that endodontic treatment also is prevalent in 
younger age groups, and recorded in a sample of 19- 
year-olds in the city of Malmo, Sweden, that 9% had at 
least one root filled tooth. 

In cross-sectional studies AP is often observed in root- 
filled teeth and frequencies between 25 and 50% have 
been reported (Fig. 17.3). In contrast, pulpectomy and 
root canal treatment were shown in many clinical studies 
to be highly successful procedures when carried out 
under optimal conditions. Studies (mostly designed as 
case series) generally demonstrate "failure" rates in only 
5% (pulpectomy) to 15% (treatment of non-vital pulps in 
teeth with AP) when treatments are performed by 
specialists or students under supervision (38, 72, 75). The 
obvious difference between what is possible to achieve 
(as found in case series or RCTs) and what is observed in 
the general population (as found in cross-sectional 
studies) is of great concern for the profession. It is, how- 
ever, important to realize that cross-sectional studies do 
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Fig. 1 7.1 Prevalence of AP. The bars represent cross-sectional studies num- 
bered according to the reference list and arranged after publication year (new- 
est on top). The studies report on the proportion of individuals in which at least 
one tooth is associated with radiographic signs of AP. 



not include the time dimension and are therefore not 
suitable to investigate treatment success or failure. 

Hypothetically the observed decreasing caries preva- 
lence should lead to a decrease in the prevalence of AP 
over time. This hypothesis was confirmed in three 
repeated cross-sectional studies (23, 28, 59) but refuted in 
one (71). In the latter, which is the most recent and most 
comprehensive repeated cross-sectional study, it was 
demonstrated that the proportion of individuals with 
root fillings and the proportion of individuals with AP 
decreased over a 30-year time period. The overall 
presence of AP in teeth was almost stable, however the 
proportion of AP in root filled teeth had increased. 

When we want to measure the incidence of AP in a 
population it is insufficient to only record the number 
of cases or the proportion of cases that are affected. A 
periapical inflammatory lesion might heal or persist and 
a new one might appear and therefore it is necessary to 
take the time dimension into account. The endodontic 
literature includes only a limited number of longitudinal 
observational studies that could give us information on 
the incidence and healing of AP (22, 28, 42, 61). 
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Fig. 17.2 Frequency of AP. The bars represent cross-sectional studies num- 
bered according to the reference list and arranged after publication year 
(newest on top). The studies report on the proportion of teeth associated with 
radiographic signs of AP. 



Frisk and Hakeberg (28) studied middle-aged and 
elderly women in Goteborg and, in relation to aging, 
found: a significant loss of teeth; that the ratio of root 
filled teeth increased; and that the number of teeth with 
AP tended to decrease. Eckerbom et ol. (22) found no 
improvement in periapical health during a 20-year 
observation period; on the contrary, the number of root 
filled teeth and teeth with AP increased. 

Data from two longitudinal studies, one Swedish (61) 
and one Danish (42), allow for a more detailed compari- 
son. Both studies found that over an observation period 
of 5-10 years less than 5% of initially "healthy" teeth 
showed signs of pulpal or periapical disease. The pro- 
portion of root filled teeth with AP that remained 
diseased was higher in the Danish study, whereas the 
proportion of diseased root filled teeth that were 
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Fig. 1 7.3 Frequency of AP in root filled teeth. The bars represent cross-sec- 
tional studies numbered according to the reference list and arranged after 
publication year (newest on top). The studies report on the proportion of root 
filled teeth associated with radiographic signs of AP. 

extracted was higher in the Swedish study. The healing 
proportion for the teeth that had received endodontic 
treatment in the Swedish study was higher than in the 
Danish study, but the observation period was longer. 
Comparing teeth with AP at baseline in the Danish study 
and in the Swedish study it seems as if teeth with AP, 
teeth that may be difficult to treat, or perhaps have other 
dental problems, were more likely to be extracted 20 years 
ago than today (61, 42). This observation corresponds 
well with the findings of Bjorndal and Reit (9), who 
found that in the adult Danish population more root fill- 
ings have been performed, especially in 40-60-year-old 
individuals, and the number of tooth extractions has 
more than halved from 1977 to 2003. 

The short answer: Teeth with AP and root filled teeth are very 
common in all investigated populations. AP is not only observed 
in teeth with infected necrotic pulps but is most frequently 
found in root filled teeth. 



Risk for apical periodontitis 

Question: What factors are associated with an increased risk 
for API 

Several cross-sectional studies have tried to identify risk 
indicators associated with the presence of AP. Such 
factors may indicate a risk for a certain person (person 
level) or for a certain tooth (tooth level) of having AP. 
Only a few studies have placed the individual in focus. 
Aleksejuniene et al. (1) found that regular visits to the 
dentist and high numbers of decayed and filled teeth 
were associated with AP in a Lithuanian population. The 
strong association between dental work/caries and AP 
was confirmed in a Danish study by Kirkevang and 
Wenzel (44), who also found smoking to be a risk indica- 
tor for having AP. However, smoking was not found to 
be associated with AP in a Swedish study by Bergstrom 
et al. (6). 

Most endodontic epidemiological studies have tried to 
identify risk indicators at tooth level. In most cross- 
sectional studies the mere presence and also the techni- 
cal quality of a root filling were associated with presence 
of AP (2, 7, 10, 12, 15-18, 20, 23-25, 31, 34, 35, 37, 39, 48-50, 
56, 60, 62, 69, 71, 73, 74, 76, 78, 80). 

Several studies have found an association between the 
quality of the coronal restoration and the presence or not 
of AP. Hypothetically microorganisms might invade the 
root canal via defective margins of fillings and crowns. 
Ray and Trope (64) found that the quality of the coronal 
restoration was of greater importance than the quality of 
the root filling for periapical health status, while others 
observed that if the root filling was adequate the coronal 
restoration was of less importance (41, 65, 69, 70, 71, 77). 

If we want to assess risk factors associated with devel- 
opment of AP we must turn to longitudinal cohort stud- 
ies (19, 22, 28, 43, 61). In a study by Petersson (59) it was 
found that periapical lesions that persisted or developed 
during the observation period were related to incomplete 
root canal obturation. In other longitudinal cohort stud- 
ies the association between the quality of the root filling 
and AP was less clear (22, 43). Eckerbom et al. (22) found 
that the quality of root fillings improved over time, but 
the frequency of root filled teeth with AP increased. In a 
study by Kirkevang et al. (43) the interdependence of 
several potential risk factors related to the incidence of 
AP was investigated. Data suggested that smoking and 
reduced marginal bone level indicate an environment in 
the mouth that favors disease development. Furthermore 
the amount and quality of previous dental work could 
indicate whether a person was at high or low risk of 
developing AP. In teeth, the most decisive risk factors for 
developing AP were crowns and coronal fillings, espe- 
cially inadequate ones. Presence of a root filling increased 
the risk of developing AP, whereas the quality of a root 
filling was insignificant. However, in relation to the 



296 Diagnostic Considerations and Clinical Decision Making 



healing of AP the quality of a root filling was of impor- 
tance. Other dental diseases such as carious lesions and 
reduced marginal bone level also increased the risk of 
developing AP (Figs 17.4 and 17.5). 

Thus, to lower the incidence of AP in the general pop- 
ulation it seems that focus should be on improving the 
quality of restorative dental work, especially coronal res- 
torations, and to diagnose and control the progression of 
carious lesions. Furthermore, to facilitate healing of AP 
the procedures by which root canals are cleaned, shaped, 
disinfected and filled should be optimal. 

The short answer: AP develops as a result of microbial coloni- 
zation of the root canal. Accordingly, factors that increase the 
potential for microorganisms to invade the canal (carious 
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Fig. 17.4 Association between tooth-specific risk indicators and the pres- 
ence of AP. The dots represent the risk estimates and the lines the 95% confi- 
dence intervals. The estimate is statistically significant if the confidence 
interval does not include 1 . Odds ratio relative to a healthy tooth. All estimates 
are mutually adjusted (43). 
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Fig. 17.5 Association between tooth-specific risk factors and incidence of 
AP. The dots represent the risk estimates and the lines the 95% confidence 
intervals. The estimate is statistically significant if the confidence interval does 
not include 1 . Odds ratio relative to a healthy tooth. All estimates are mutually 
adjusted (43). 



lesions, pulp necrosis, defective root fillings and restorations) 
also increase the risk of AP. Risk factors at a personal level are 
not well understood at present. 

Treatment 

Question: What is the probability that the suggested treatment 
will cure the disease? 

From a conceptual point of view there are three basic 
methodologies for endodontic treatment of teeth with 
apical periodontitis: (1) primary root canal treatment (the 
pulp is necrotic and the canal untreated); (2) non-surgical 
retreatment (the root filling is removed and the canal 
retreated); and (3) surgical retreatment (the apical area of 
a root filled tooth is approached surgically). The outcome 
of primary root canal treatment has been studied and 
reported on in more than 100 original scientific papers 
and several systematic literature reviews (for example 45, 
47, 54, 55, 68). The key theory, of course, is that treatment 
should be directed towards combating the intracanal 
microbiota, and if this is successfully done and the canal 
is not re-infected, the lesion will heal. However, owing to 
substantial variations amongst studies in terms of case 
selection, study design, healing criteria, follow-up period, 
treatment methodology, etc., the basic data do not per- 
mit strong clinical conclusions. Nevertheless the studies 
indicate that if canals are cleaned and filled to within 
2 mm of the apex and the seal is adequate, healing of AP 
can be expected with a probability of 0.85. This probabili- 
ty will decrease if the filling is short, the canal is over- 
filled or the seal is inadequate. Investigators have also 
found that the quality of the coronal restoration (risk of 
reinfection) of the tooth has a significant influence on the 
outcome. The significance of procedural parameters such 
as size, taper and extent of canal preparation, irrigation/ 
medication regime and root filling material and tech- 
nique still has to be further researched (55). When a tooth 
has to be surgically or non-surgically retreated the prob- 
ability of healing will decrease (for a detailed discussion 
of prognosis and prognostic factors see Chapter 18), but 
with modern technique and instruments retreatment 
can also be performed with a very good prognosis. 

The short answer: Good quality root canal treatment can be 
expected to heal AP in about 85 cases out of 100. If the primary 
treatment fails additional surgical or non-surgical retreatment 
leaves very few cases incurable. 

Prognosis 

Question: What are the effects of AP on general health? 
The consequences, in terms of health risks, for a patient 
with AP are not well understood. It is widely documented 
that AP in an acute phase may be associated with local 
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(e.g. swelling) as well as systemic (fever, intense pain, 
feeling of illness) reactions. Also, microorganisms from 
the root canal may disseminate to nearby regions and 
cause severe infections in, for example, the maxillary 
sinus and the deep regions of the throat (see Chapter 8). 
However, the potential of AP to cause disease in other 
bodily parts has been proposed as well as rejected over 
the years. Introduced by William Hunter (33) and based 
on the notion that microorganisms, or their associated 
toxins, could spread in the body and cause a range of 
diseases, the so-called focal infection theory, attracted 
many researchers in the first half of the 20th century. The 
theory was supported by clinicians and vast numbers of 
teeth with AP were extracted, primarily in order to pre- 
vent other more serious diseases. However, by the 1940s 
scientific data had discredited the theory and it lost its 
popularity (53). 

In recent years a connection between chronic peri- 
odontal disease and an adverse systemic health condi- 
tion like coronary heart disease (CHD) has been proposed 
(4). If the association is causal is not known but, broadly, 
the explanation could be that the regional inflammatory 
response to microorganisms releases cytokines systemi- 
cally which in turn provoke deleterious vascular effects 
(4). The untreated root canal infection is rather similar to 
the microbiota isolated in periodontal disease and there- 
fore a few investigators have studied a possible associa- 
tion between AP and CHD. 

Frisk et al. (29) conducted a cross-sectional study of 
1056 Swedish women aged 34-84 years. The material 
was examined clinically and radiographically. Number 
of root filled teeth and number of teeth with AP were 
registered as 0, 1, 2 or >2. AP was classified as either 
present or not. In a multivariate statistical analysis the 
authors found no association between CHD and any of 
the endodontic variables. Joshipura et al. (36) studied a 
sample of 34683 male health professionals. Data were 
collected by a questionnaire in which the participants 
had to report the number of root filled teeth and when 
treatments were carried out. By using this method it was 
not possible to get information on the presence or not of 
AP and the root filled tooth acted as a surrogate. The 
authors found a significant association between history 
of root canal treatment and incidence of CHD (relative 
risk = 1.38). However, the association was limited to the 
dentists in the investigated group. Caplan et al. (14) 
reported on 708 male participants who were examined 
every 3 years for a median follow-up time of 24 years. 
Teeth were classified as having an endodontic lesion 
if a periapical radiolucency was >2mm wide. The main 
exposure variable was , Tesion-years ,, / which was sup- 
posed to estimate the cumulative burden of of chronic 
apical inflammation experienced by each subject (for 
example, one tooth with an apical lesion for 3 years 
added 3 lesion-years to the participant-level total). The 



main outcome variable was "time to first diagnosis of 
CHD". In a multivariate analysis the authors found an 
association between lesion-years and CHD risk among 
participants younger than 40 years. 

The studies referred to show great variation, in terms 
of study design, case definition and the estimation of the 
burden of apical inflammation, which renders any defi- 
nite conclusion about the connection between AP and 
CHD impossible to make at present. Future prospective 
studies are much needed since any general health risks 
(even if small) will make dentists and patients reconsider 
present treatment strategies (14). 

The short answer: At present there are no data that show a 
connection between AP and adverse general health conditions 
with any certainty. There might be an association between AP 
and CHD, but if such a relation exists it is not known if it is 
causal. 

Longevity of root filled teeth 

Question: How long can a root filled tooth be retained? 
Before starting on a root canal treatment most patients 
want to know whether a non-vital tooth will function 
equally well as a vital one. They want to know if the 
tooth's life span will be limited and the tooth extracted 
earlier than if it was not pulpally injured. This very cen- 
tral question has not been addressed by as many authors 
as would be expected. Caplan et al. (13) reported a 
matched cohort study in 202 subjects, each of whom had 
one tooth endodontically treated in 1987-88 and a similar 
contralateral tooth that was not root filled at that time. 
Teeth were followed up to 8 years (median = 6.7). Root 
filled teeth had significantly worse survival rate than 
their counterparts which were not root filled. Molars 
were more often extracted than non-molars. Adjusted 
hazard ratios for loss of root filled versus non-root filled 
molars and non-molars were 7.7 and 1.8, respectively. 
The authors concluded that endodontic therapy may 
prolong tooth survival but pulpal involvement may 
hasten tooth loss. 

Lazarski et al. (46) and Salehrabi and Rotstein (67) 
investigated the databases of large US insurance compa- 
nies. The former were able to record the outcome of 
44 163 cases and found that 94.4% of non-surgical root 
canal treated teeth remained functional over an average 
follow-up time of 3.5 years. In the Salehrabi and Rotstein 
(67) study the outcome of almost 1.5 million teeth was 
assessed. Overall, 97% of teeth were retained in the 
dental arch 8 years after initial non-surgical endodontic 
treatment. Substantially lower figures for the survival 
of endodontically treated teeth were reported by 
Meeuwissen and Eschen (51). In a study of 845 Dutch 
military servicemen they found that only 55% of root 
filled teeth had survived for 17 years. 
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Few investigators have been concerned with the 
reasons for extractions of root filled teeth. Potentially 
there are several reasons, for example, crown fracture, 
root fracture, marginal periodontitis, apical periodontitis 
and root resorption. In an attempt to analyze the reasons 
for extractions, Vire (79) collected all endodontically 
treated teeth that were removed over a 1-year period in 
a group practice. Of the 116 teeth, 59.4% were judged to 
be prosthetic failures primarily due to crown fracture. 
Periodontal failures constituted 32% of the material and 
only 8.6% of the extractions were due to endodontic 
causes. This study indicates that probably the most 
important step to prolong the survival of the tooth after 
the endodontic treatment is to consider its restoration. 
Accordingly several authors have proposed that crown 
placement may improve the longevity of root filled teeth. 
Aquilino and Caplan (3) followed a random sample of 
400 teeth endodontically treated between 1985 and 1996. 
The authors found that root filled teeth not crowned 
after obturation were lost at a 6.0 times greater rate than 
teeth crowned after obturation. 

The short answer: Present knowledge indicates that non-vital 
root filled teeth are at greater risk of being extracted than teeth 
with a vital pulp. However, if the root canal treatment is of 
good quality and the crown properly restored the risks are 
lowered to what is an acceptable level for most people. 



Back to the case 

Above we have reviewed literature that might help a 
clinician to answer questions put forward by patients in 
a situation like the one presented in the introductory 
case scenario. Based on this information and the clinical 
examination, the patient is informed that the tooth has 
developed apical periodontitis and that the diagnosis is 
very accurate. It should be explained to the patient that 
there is always a risk of pulp injury when enamel and 
dentin are removed to create space for a crown. The 
patient is informed that most often apical periodontitis is 
asymptomatic but symptoms like swelling and pain 
might develop. If the tooth is not treated the periapical 
bone destruction might increase. To eliminate the tooth 
as a health hazard and keep it functional, root canal 
treatment should be performed. There is a high probabil- 
ity that such a treatment will cure the disease. 

It is obvious that information obtained in epidemio- 
logical studies is general in character and often refers to 
means of populations and often only can be expressed in 
the form of probabilities. Moreover, data tell of other 
patients treated by other dentists. Clinical knowledge is 
personal, which means that it is influenced by the arma- 
mentarium and the skill of the dentist. Therefore the best 
advice and answers to patients' questions are given if 



information from scientific studies is combined and com- 
pared with information from systematic recordings of 
the outcome of treatments provided by the individual 
dentist. 
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Chapter 18 

Endodontic decision making 



Claes Kelt 



The outcome of endodontic treatment 

Essentially, endodontic treatment is concerned with the 
removal of diseased or infected pulp tissue, instrumenta- 
tion and medication of the root canal system and, finally, 
the placement of a root filling. The ultimate objective is 
to protect the individual from a potentially painful and 
harmful infection and, at the same time, to preserve the 
affected tooth in the long term. The disease processes 
usually take place in body compartments hidden from 
direct inspection and therefore methods of evaluating 
the biological outcome of the treatment are limited to 
observation of clinical symptoms, signs in radiographs 
and microscopic findings in periapical biopsy specimens. 
Because clinical symptoms occur infrequently and peri- 
apical biopsies are difficult to obtain, the continuation of 
pathological alterations is largely determined by radio- 
graphic observations. 

Evaluation of the outcome of endodontic therapy has 
a long tradition and numerous investigations based 
on radiographic examination have been published. 
Strindberg published a study with great impact on sub- 
sequent research in 1956 (68). He launched a system of 
criteria based on the absence or presence of radiographic 
rarefactions around the apex of the evaluated root. 
Basically, Strindberg held that a periapical radiolucency 
diagnosed at the end of a predetermined healing period 
should be considered a sign of biological treatment 
"failure". Although Strindberg found that complete 
periapical healing sometimes did not occur until 
10 years after treatment, he recommended a 4-year 
follow-up period as a cut-off before a final classification 
be made. The system provided a simple distinction 
between healthy and diseased roots and has been widely 
used ever since as a tool to assess the general outcome 
of endodontic treatment but also to investigate the 
factors that might influence postoperative healing 
(Fig. 18.1). 

A more detailed system for radiographic diagnosis of 
the periapical tissues was launched by 0rstavik et ah 
in 1986 (47). Based on a study by Brynolf (11) in which 
the histological and radiographic pictures of periapical 



biopsy specimens were compared, a five-level score was 
constructed. The score is intended to represent a disease 
progression from normal periapical structures (score 1) 
to severe apical periodontitis with exacerbating features 
(score 5). In recent years the so-called periapical index 
(PAI) has often been used as an alternative to the 
Strindberg type of classification. 

Investigations assessing the outcome of endodontic 
therapy often are designed as so-called follow-up studies. 
In these studies a cohort of patients is treated and fol- 
lowed clinically and radio graphically for a certain period 
of time. Ideally such studies should be made prospec- 
tively and factors of interest randomized, but for ethical 
and practical reasons a retrospective (looking back in 
files and records) non-randomized approach has more 
often been used. However, this scientific strategy might 
bias the data produced and limit the confidence in con- 
clusions made. 

A substantial body of data has been collected from 
follow-up studies through the years. The accumulation 
of knowledge is impeded by the large variation among 
the investigations concerning factors such as case selec- 
tion, sample size, treatment procedures, recall rate, 
length of observation period and radiographic inter- 
pretation. Regardless of the limitations, the studies clearly 
demonstrate that endodontic treatment can be a highly 
successful procedure. When teeth without apical peri- 
odontitis (irrespective of the pulp being vital or necrotic) 
are treated lege artis, a successful outcome might be 
expected in as many as 95% of cases. When treatment 
"fails", i.e. periapical inflammation develops, it is most 
often caused by microorganisms contaminating the root 
canal during treatment or postoperatively via defective 
margins of fillings and crowns. 

Compared with vital pulp cases, teeth with necrotic 
pulp and apical periodontitis are associated with less 
probability of treatment success. In such cases micro- 
organisms are present initially that, owing to the com- 
plexity of the root canal system, may not invariably be 
combated successfully. However, thorough cleaning, 
medication and obturation of the canal will produce 
periapical healing in 80-85% of cases. 
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Fig. 18.1 Evaluation of treatment outcome according to Strindberg (68). (a) A 4-year follow-up of a first lower molar. The 
patient has no clinical symptoms and no signs of pathology are visible in the radiograph. The case is classified as a "success", 
(b) This tooth was treated 5 years ago for apical periodontitis. The periapical lesion has decreased but is still visible on the 
radiograph. The case is classified as a "failure". 



Factors influencing treatment outcome 

Although endodontic treatment is usually successful, 
some cases will fail and it is the responsibility of the indi- 
vidual clinician to minimize this number. Therefore, 
knowledge of the various factors that will influence 
treatment outcome is of supreme importance. Such 
"prognostic" factors might be found in the situation that 
precedes endodontic treatment (preoperative factors) or 
might be associated with the treatment per se (operative 
factors). Also, elements of the postoperative situation 
might exert influence on the long-term outcome (Core 
concept 18.1, Key literature 18.1). 



Core concept 18.1 



Factors influencing treatment 
outcome 



Preoperative factors 

Apical periodontitis 

Operative factors 

Extent of canal preparation 
Quality of seal 
Procedural error 

Postoperative factors 

Coronal leakage 
Post preparation 



^ 



Preoperative factors 

In most studies general factors such as age, gender and 
health have not been demonstrated to influence the 
treatment outcome significantly. When local factors have 
been considered some investigators reported that certain 
teeth appeared to be more favorable than others, but a 
systematic pattern among the studies and teeth has not 
been found. The only preoperative factor that consis- 
tently has proven to influence significantly the treatment 
result is the diagnosis of apical periodontitis. Studies 
have reported a 10-25% lower healing rate when radio- 
graphic signs of periapical disease are present compared 
with when they are not. 



Operative factors 

The apical extent of the root canal preparation is one of 
the major prognostic factors. The instrumentation ideally 
should be terminated at the constriction of the canal, 



which is normally located 1-2 mm from the root apex. 
Sjogren et al. (65) reported periapical health to be restored 
in 94% of teeth with apical periodontitis when the prepa- 
ration and root filling ended within 0-2 mm of the radio- 
graphic apex. On the other hand, when preparations 
were made to a shorter distance from the apex, only 68% 
healed. 

Over-instrumentation of the root canal should be 
avoided. When the instrument passes through the apical 
foramen it may induce displacement of infected dentin 
into the periapical tissues. Attached to dentin chips, 
microorganisms are protected from the defense mecha- 
nisms of the host and may therefore survive and impair 
the potential for healing (76). More importantly, repeated 
overinstrumentation may enlarge the apical foramen 
and alter its original anatomy. Consequently, the root 
canal preparation will lose its apical resistance form, 
which will often result in overfill combined with an inad- 
equate apical seal of the canal (Fig. 18.2). 
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Key literature 18.1 



Dependence of the results of 
pulp therapy on certain factors 



In his influential thesis published in 1956, Strindberg (68) performed 
an analytical study of endodontic treatment results based on radio- 
graphic and clinical follow-up examinations. The case material con- 
sisted of 254 patients with 529 teeth and 775 roots treated by the 
author during a 6-year period. The root canals were instrumented by 
the use of Kerr files and Hedstrom files. Vital cases were mostly com- 
pleted in two sessions. When a devitalizing agent was used (arsenic 
or paraformaldehyde paste) the treatment was extended to three 
appointments. The non-vital pulps were often treated in four or more 
sessions. The intracanal medicaments that were used varied consid- 
erably. Five percent chloramine solution was usually employed in 
vital cases. In non-vital cases rotation of the medicament (e.g. 
tricresol formalin, iodine preparations, oil of cloves, creosote) was 
preferred to prevent the bacteria from acquiring resistance to any one 
substance. The canals were filled with gutta-percha and either Alytit 
or an 8% solution of resin in chloroform as a binding agent. Although 
Strindberg's treatment methodology to a large extent must be 
regarded as obsolete, his scientific approach still is commendable. 

Follow-ups were carried out over a period of 6 months to 1 years. 
The results of the therapy for a particular root were assessed at the 
radiographic examinations as a "success" when the contours, width 
and structure of the periodontal margin were normal and the peri- 
odontal contours were widened mainly around the excess filling, and 
as a "failure" when there was a decrease in the periradicular rarefac- 
tion, unchanged periradicular rarefaction and a new or an increase in 
the initial rarefaction. 

After a follow-up period of 4 years, Strindberg found that 95% of 
cases without an initial rarefaction and 71% with an initial rarefac- 
tion could be classified as "successes". If the period was extended to 
include those observations that he had made beyond the 4-year 
point, the healing rate among the latter increased to 85%. 

Strindberg's main idea was to study the impact of certain factors 
on periapical healing. He found that components such as age, health 
status, number of interappointment dressings, treatment flare-up and 
root filling material did not exert any significant influence on the 
therapeutic result. Among the statistically significant factors he 
reported periradicular status, number of roots, canal preparation and 
type of root filling. Healing was found less frequently among cases 
with an initial periapical radiolucency. Successful operations were 
carried out more often in three-rooted than in two-rooted teeth, 
which in turn displayed better results than single-rooted teeth. Where 
the apical part of the canal was mechanically widened only to a 
diameter corresponding to Hedstrom file no. 1, a higher proportion of 
success was obtained than when wider files were used. Negative 
influences were found if canals were prepared to or beyond the radio- 
graphic apex and if the root filling showed poor adaptation to the 
root canal or was forced through the apical foramen. 

Overfill of the root canal has been found to be associ- 
ated with a decreased healing rate in teeth with apical 
periodontitis. The sustained lesion is probably caused 
not so much by the material itself (gutta-percha is well 
tolerated by the tissues) but more by intracanal microbes. 
Numerous outcome studies have proven the significance 
of the quality of the root filling seal. An inadequate apical 




Fig. 18.2 The negative influence of overinstrumentation. A repeated instru- 
mentation through the apical foramen will result in a "tear-drop" anatomy 
and hinder a good-quality root filling seal. 



seal will allow tissue fluids to leak into the root canal and 
supply microorganisms with substrate, and also let 
bacterial products seep out into the periapical tissues. 
On the other hand, a defective coronal seal might pro- 
vide the oral microorganisms with an avenue for a post- 
operative infection of the root canal, resulting in "late" or 
sustained periapical inflammation. 

If negative prognostic factors accumulate, the chance 
of success will decrease substantially (19). For example, if 
an apical periodontitis case is overinstrumented and 
provided with a defective seal, the probability of healing 
will be low. In an epidemiological study Bergenholtz 
et ah (8) found that 55% of overfilled roots with defective 
seals were associated with periapical radiolucency. On 
the other hand, when root fillings ended within 2 mm of 
the apex and were assessed as adequate, only 12% dem- 
onstrated periapical radiolucency. 

Procedural errors such as perforations, broken instru- 
ments and ledge formations will not directly impede 
periapical healing. However, the prognosis of the treat- 
ment is decreased if the complication obstructs the clean- 
ing of an infected canal. 

Postoperative factors 

Data from recent studies indicate that the quality of the 
restoration of the tooth might exert an influence on the 
outcome of endodontic treatments (52). Microorganisms 
may enter via defective margins and colonize a poorly 
sealed root canal (60) (Fig. 18.3). Furthermore, leaking 
saliva may dissolve the sealer and break the resistance 
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against reinfection (63). However, provided that instru- 
mentation and root fillings are carefully performed, the 
problem of coronal leakage may not be of great clinical 
importance (58). 

The placement of a post in the root canal does not 
influence the outcome of endodontic treatment per se. 
However, the post preparation might break the root 
filling seal either by disturbing the adaptation of the 
material to the dentinal walls or by leaving too little 
gutta-percha remaining. Studies have shown that not 
less than 3 mm should remain in the apical part of the 
canal (35). 



Prevalence of endodontic "failures" 

Assessment of the technical quality and the outcome of 
endodontic treatment at a population level has a long 
tradition in the Scandinavian countries. Studies have 
reported a relatively high frequency of defective root fill- 
ings. It has been reported consistently that 25-35% of 
endodontically treated teeth are associated with peri- 
apical radiolucencies (8, 17, 21, 50). Similar findings dur- 
ing recent years have been reported from other areas of 
Europe and North America as well as in Asia (12, 14, 15, 
26, 39, 61, 62, 74) (see also Chapter 17). The most fre- 
quently adopted study design, the cross-sectional survey, 
does not disclose the dynamics of the periapical reactions 
and therefore does not provide direct information on the 
frequency of "failed" treatments. However, in a follow- 
up study, Petersson et at. (48) found about equal numbers 
of healing and developing periapical radiolucencies in a 
cohort followed over a period of 11 years. Obviously 
there is a contradiction between what is possible with 




Fig. 18.3 In the first left upper premolar, an acute periapical lesion devel- 
oped 1 year after placement of the post and crown. The root filling seal is 
defective and microorganisms probably have entered the canals either via 
microleakage or during the restorative procedures. 



endodontic therapy (85-90% success) and what is actual- 
ly obtained (60-70% success). It is an important task for 
the profession to try to close this gap. 

At present the number of potential retreatment cases 
is huge; in Sweden (9 million inhabitants) it can be esti- 
mated to be about 2.5 million. However, the attitude to 
the clinical management of such cases has been found to 
vary substantially among clinicians (5, 25, 49, 54, 55, 66). 

Variation in the management of 
periapical lesions in endodontically 
treated teeth 

Variation in health care procedures was recognized 
early, at the beginning of the 20th century. In a classical 
study (4) of 1000 11-year-old schoolchildren in New York 
City it was found that 650 children had undergone ton- 
sillectomy. The remaining 350 children were sent to a 
group of physicians. A total of 158 children were selected 
for tonsillectomy. Those rejected (182) were sent to 
another group of physicians and 88 of them were then 
suggested for tonsillectomy. After that, the remaining 
children were examined by a third group of physicians, 
and then only 65 children remained for whom tonsillec- 
tomy had not been suggested. At that point the study 
was interrupted owing to a shortage of physicians to 
consult. This report inspired investigators to challenge 
the clinical consensus of a variety of medical (and dental) 
procedures. Troubled over the results of these studies, 
Eddy (18) concluded: 

"Uncertainty creeps into medical practice through 
every pore. Whether a physician is defining a disease, 
making a diagnosis, selecting a procedure, observing 
outcomes, assessing probabilities, assigning prefer- 
ences, or putting it all together, he is walking on a 
very slippery terrain. It is difficult for nonphysicians, 
and for many physicians, to appreciate how complex 
these tasks are, how poorly we understand them, and 
how easy it is for honest people to come to different 
conclusions." 

The large variation among clinicians when suggesting 
the treatment or retreatment of endodontic cases was 
first demonstrated by Smith et at. (66). Several reports 
have confirmed that the mere diagnosis of a persistent 
periapical radiolucency in an endodontically treated 
tooth does not consistently result in suggestions for 
retreatment among clinicians (48, 49, 54) (Key literature 
18.2). For example, Reit and Grondahl (55) found that 
only 39% of persistent periapical lesions diagnosed by 
practitioners were followed by a retreatment decision. 

Owing to their complexity, clinical decision problems 
have attracted interdisciplinary attention. In addition to 
interest from health professionals, philosophers, psy- 
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Key literature 18.2 



Variation in management of 
endodontic "failures" 



^\ 



Reit and Grondahl (54) showed 35 dental officers from the Public 
Dental Health Organization in Sweden 33 endodontically treated 
teeth showing periapical radiolucencies of various sizes. The cases 
were presented with radiographs and the same clinical history: "The 
actual patient, aged 45, is in good general health and presents with 
no clinical symptoms from his teeth or oral soft tissues. The present 
radiographs were taken at a routine examination. Root fillings are 
more than four years old. This is your first examination of the patient, 
who has no other dental problems and no further dental treatment is 
being considered." For each case the clinicians made a choice among 
five options: no therapy indicated, wait 12 months, non-surgical 
retreatment, surgical retreatment or extraction. 

In the figure each bar represents one case. In no case was the same 
option suggested unanimously by all examiners. In eight teeth all five 
options were suggested, and in 1 5 cases four of the alternatives. The 
number of teeth selected for therapy (surgical or non-surgical retreat- 
ment or extraction) had an interexaminer range of 7-26 teeth. 
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chologists and economists have also contributed (16). 
Two main areas of research and thinking can be identi- 
fied: descriptive and prescriptive. Descriptive projects 
aim at mapping out and explaining how clinicians reason 
and make decisions. Prescriptive, or normative, projects, 
on the other hand, are concerned with how decisions 
should or ought to be made. 

Clinical decision making: descriptive 
projects 

In studies of clinical reasoning several models have been 
suggested and used (16). Some investigators have 
focused on the artistic, or intuitive, aspects of clinical 
practice (51). In the tradition of "judgment analysis", 
researchers have tried to reveal the pieces of information 
or "cues" used at conscious or unconscious levels that 



influence a person's decision-making policy. This 
approach has been applied in several domains (10), 
including judgments of third molar removal (29). In a 
series of innovative investigations Kahneman et ah (28) 
explored a proposition that people most often rely on a 
small number of heuristic principles to make decisions. 

Attempts have been made to explain the observed 
variation in the management of periapical lesions in 
endodontically treated teeth. Because several studies 
have demonstrated large interindividual variation in 
radiographic interpretation of the periapical area (see 
Chapter 14), it has been hypothesized that variation in 
retreatment decisions might be regarded as a function of 
diagnostic variation. However, studies of general practi- 
tioners have not supported this idea (55). The influence 
of components, including risk assessment (56), clinical 
context (5, 66), cognitive factors (56) and overall dental 
treatment plans (49), has been explored. However, the 
complexity and multiplicity of factors present in each 
study have rendered interpretation of the results diffi- 
cult. Kvist and Reit have proposed a model to explain 
endodontic retreatment behavior (33, 34, 57). In the 
"praxis concept" (Advanced concept 18.1) it is suggested 
that dentists perceive periapical lesions of varying sizes 
as different stages on a continuous health scale, based on 
their radiographic appearance. Interindividual variation 
then could be regarded as the result of different cut-off 
points on the continuum for prescribing retreatment. 

Kvist et ah (30) examined endodontic retreatment 
concepts among 157 general dental practitioners from a 
Swedish county. In the study it was possible to distinguish 



Advanced concept 18.1 The praxis concept 



This theory hypothesizes that dentists conceive of periapical health 
and disease not as either/or situations but as states on a continuous 
scale. On this scale a major lesion represents a more serious condition 
than a smaller one. Variation between decision makers then could be 
regarded as the result of the individual's selection of differing cut-off 
points on the scale for prescribing retreatment. Placement of the cut- 
off point is dependent on value but also is influenced by factors such 
as costs, quality of seal and accessibility to the root canal. 



Personal values 



High costs 
Adequate seal 
Difficult access 



Retreatment 



- Low costs 

" - Defective seal 
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No retreatment 
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between two main types of strategies used by the practi- 
tioners: (i) disease-focused and (ii) illness-focused. The 
first group included three subgroups, (ia) The mere sign 
of periapical disease consistently implied retreatment. 
(ib) Signs of disease had to reach a higher level to elicit 
retreatment. (ic) Signs of disease were combined with 
non-disease factors, which modified the final retreat- 
ment decision (corresponding to the praxis concept), 
(ii) Focus on illness; as long as the patient did not com- 
plain or showed any clinical symptoms of periapical dis- 
ease the treatment result was accepted. Among the 
observed strategies it was the one derived from the praxis 
concept that attracted most general dental practitioners. 
Akerblom Rawski et ah (1) used a qualitative approach 
and interviewed 20 Swedish endodontists and 20 general 
practitioners. They found that the endodontists seemed 
to mainly think in terms of strategy (ia) while the general 
practitioners reasoned in line with the praxis concept. 
The explanatory potential of the praxis concept was also 
supported in a study of endodontic retreatment decision 
making among 172 dental students in Saudi Arabia (2). 

Endodontic retreatment decision making: 
a normative approach 

Probably the most highly developed normative decision- 
making model is the " expected utility theory" (EUT) (for 
a review, see Ref. 23). The philosophical foundation is to 
be found in classical utilitarianism, whereas its mathe- 
matical origins are even older. The advent of modern 
EUT is associated with the influential work of von 
Neumann and Morgenstern (45), which made some of 
the psychological assumptions of utilitarianism redun- 
dant. The theory was introduced to medicine by Ledley 
and Lusted (37) and, under the concept of "clinical deci- 
sion analysis", discussed in detail by Lusted (38) and 
Weinstein and Fineberg (75). Over the last 30 years clini- 
cal decision analysis has received increasing attention in 
medicine as well as dentistry (59). 

Clinical decision analysis prescribes that the problem 
should be structured as a "decision tree", which logically 
displays the available actions and their possible conse- 
quences. Then the listed outcomes are assessed regard- 
ing probabilities and values ("utilities"). After this, the 
weighed sum (expected utility) of each strategy is com- 
puted and the action with the highest sum is chosen. 

Reit and Grondahl (54) approached the management 
of periapical lesions in endodontically treated teeth from 
a decision analysis point of view. The problem was struc- 
tured graphically (54) and later probabilities and utilities 
were produced and "best" actions were calculated (53, 
56). However, large parts of the critical information 
needed for calculations are very uncertain, therefore in 
the present context the decision tree will be used only as 



a rational basis for clinical deliberations, with no explicit 
calculations being made. 

The structure of the decision problem 

The structure of the decision-making problem is logically 
and temporally displayed in Fig. 18.4. Before retreatment 
of a root filled tooth with apical periodontitis is actually 
allowed to start, there are basically three clinical ques- 
tions that have to be answered and three choices that 
have to be made. When a periapical radiolucency is 
detected the clinician first has to question whether the 
corresponding lesion might be expected to heal or not. If 
there is a chance of healing, the case should be followed 
for an additional period of time. If it is thought that the 
patient will not benefit from further observation, the sec- 
ond question will be raised: should the case be retreated 
or not? The choice is between accepting the situation as 
it is or trying to improve on it. This is the most difficult 
and complex of the choices that have to be made and no 
simple answers are available. If retreatment is favored 
there will be a question of which clinical procedure to 
use. Personal skills, knowledge of prognosis and cost- 
effectiveness estimations will influence this decision. 

Choice 1: Decide now/wait and see 

As mentioned above, endodontic treatment of teeth with 
apical periodontitis has a good prognosis. The majority 
of the cases that will succeed show complete periapical 
healing within the first 2 years of root canal treatment. 
By extending the observation period, the healing fre- 
quency will increase and single cases have been reported 
not to completely resolve until 10 years postoperatively 
(68). However, most investigators recommend the place- 
ment of a cut-off of 4 years postoperatively, a time during 
which the healing curve flattens out. Thus, from a clini- 
cal point of view, a case initially treated for apical peri- 
odontitis might be observed for up to 4 years. If the lesion 
still persists, a decision has to be made between perform- 
ing additional treatment or accepting the situation as it is 
(Fig. 18.5). 

Endodontic retreatment decision making 
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Fig. 1 8.4 The structure of the retreatment decision-making problem. 
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Fig. 18.5 Healing dynamics of the periapical tissues following treatment of 
vital and non-vital cases. 

As a result of microbial contamination during intra- 
canal treatment procedures, roots without preoperative 
signs of apical periodontitis may develop disease. Most 
such cases may be detected within 1 year of the original 
treatment (46). "Late failures" are most often due to 
coronal leakage of microbes allowed to invade a defec- 
tively sealed root canal. Consequently, the diagnosis of a 
new periapical lesion in an endodontically treated root is 
normally regarded as a sign of root canal infection. 
Spontaneous healing is not expected to occur and there- 
fore an extension of the observation period is not mean- 
ingful. Together with the patient, the clinician has to 
decide whether retreatment is indicated. 

Occasionally transient apical radiolucencies develop 
around the apices of root filled teeth (68). Periapical 
inflammatory reactions with subsequent bone resorption 
might be elicited as responses to toxic components of 
antimicrobial medicaments and root filling materials. 
Toxicity usually decreases over time and inflammation 
resolves. Clinically this possibility should be considered 
if the radiolucency is associated with an overfill or is 
diagnosed within the first months of completed root 
canal treatment. 

Choice 2: Therapy/no therapy 

If a periapical lesion is not expected to heal, several 
factors have to be considered when choosing between 
retreating the root or not. For example, what is the prob- 
ability that the detected periapical radiolucency repre- 
sents disease? What are the general and local risks that 
have to be taken if the periapical disease is not treated? If 
retreatment is carried out, what are the risks of complica- 
tions? What is the opinion of the patient; does he or she 
have any preferences? Are there any moral implications 
to be considered? See Core concept 18.2. 



Core concept 18.2 To retreat or not? 



Factors to consider: 
Probability of disease 
Risks of untreated disease 
Risks of retreatment procedures 
Personal preferences 
Ethical principles 



Core concept 18.3 Basic retreatment decision- 
making principles 



First principle 

A periapical lesion in a root filled tooth that is not expected to heal 
should be retreated. 

Second principle 

If the first principle is not followed, reference must be made to respect 
for patient autonomy, retreatment risks or retreatment monetary 
costs. 






To decide whether retreatment should be carried out 
or not is complex and each case can be the subject of 
counterproductive overdone deliberation. In the every- 
day situation the best consequences usually arise if a few 
simple principles are followed (Core concept 18.3). 

It is assumed that the best overall consequences are 
obtained if dentists 7 primary suggestions to patients are 
to perform endodontic retreatment. The persistent lesion 
is an expression of a root canal infection and people 
benefit from having their infection treated. For the medi- 
cally uncompromised patient the general health hazard 
is probably low and therefore false-positive diagnoses 
should be avoided. There is no solid scientific evidence 
available to distinguish among grades of periapical 
disease. 

This first principle in Core concept 18.3 is quite dog- 
matic and leaves no room for deliberation: if retreatment 
is suggested and accepted no specific arguments are 
needed. However, if a persistent lesion is diagnosed and 
retreatment is not selected, then specific arguments 
have to be put forward. These are found in the second 
principle. 

Respecting patient autonomy implies that the patient 
is fully informed regarding the situation but does not 
want retreatment. Attitudes to periapical disease vary 
among persons and subjectivity and personal values 
must be allowed to influence the decision-making 
process. 

On an individual basis, potential risks associated with 
a retreatment procedure (e.g. root fracture following post 
removal, or nerve injury as a result of periapical surgery) 
might be judged to be too high. The objectively assessed 
risks (the probability of a certain event) should be weighed 
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against the subjectively evaluated benefit of retreatment. 
When the patient's costs for retreatment are considered 
(treatment fee, drugs, loss of income, suffering), the cost/ 
benefit ratio might be too low to be accepted. 

Probability of disease 

Biopsy specimens obtained from periapical areas show- 
ing radiolucencies have demonstrated the presence of 
pathologically altered tissue (granulomas, cysts) in about 
95% of investigated cases (9, 67). It has been demonstrat- 
ed convincingly that these reactions are mainly caused 
by microbial irritants present either in the root canal (36, 
40, 43, 70) or in the periapical tissue (69, 73). 

Risks of untreated disease 

The risks of leaving a root with chronic periapical disease 
untreated are not well investigated. The infected root 
canal as a potential threat to systemic health is discussed 
in detail elsewhere in this book. The topic has been 
argued since Hunter in 1901 suggested that oral micro- 
organisms could disseminate throughout the system and 
cause disease in other body compartments. Currently 
the evidence base is weak, but a connection between 
chronic periapical disease and coronary heart disease 
has been suggested (13, 27). 

From a local point of view Eriksen (20) estimated the 
incidence of possible exacerbations per year to be less 
than 5%. The composition of the intracanal microbial 
flora of the root filled tooth generally varies from that of 
the necrotic pulp. It is not known if this difference influ- 
ences the risk. 



Risks of retreatment procedures 

Clinical procedures may injure the tooth or the sur- 
rounding tissues. In order to re-enter the root canal tooth 
substance, crowns or posts often must be removed, with 
the risks of weakening the tooth structure or of causing 
direct fractures. Surgical retreatment might, for example, 
lead to mandibular nerve injury or to a visible retraction 
of the marginal gingiva. These risks have to be presented 
to the patient, included in the decision-making process 
and accepted before retreatment starts. 

Personal preferences 

Personal values will influence the decision-making pro- 
cess. As mentioned above, given identical information 
and similar diagnostic findings, patients (and doctors) 
will not choose the same clinical management of a certain 
disease. For example, some persons will be eager to have 
a bacteria-caused periapical inflammation in a root filled 
tooth treated, whereas others will be more reluctant. 



The concept of value is multidimensional but it seems 
reasonable to suppose that there is a close connection 
between an individual's values and his or her value 
judgments. It has been suggested that one may appre- 
hend values in acts of preferring (23, 45). This means that 
when faced with a choice, the values of an individual 
are reflected in his or her preference behavior. To mea- 
sure preferences, various rating scales or the so-called 
"standard gamble" technique (Advanced concept 18.2) 
have been used (71, 72). 

Reit and Kvist (57) transformed the standard gamble 
technique to suit an endodontic retreatment situation 
and investigated the subjective value of periapical health 
and disease among dental students as well as endodontic 
specialists (33). Substantial interindividual variations 
were registered in the evaluation of symptomless peri- 
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Advanced concept 18.2 The standard gamble 
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The subject is given a choice between two alternative courses of 
action. The options available are to continue living in the state of 
health described in a scenario (health state x) or to take a "gamble". 
The gamble is most often some type of treatment, e.g. surgery, that 
may lead to the restoration of health (health state y) but risks are 
involved and the patient might die (health state z). The probability (p) 
of attaining the best outcome of the gamble is systematically varied 
until the subject is indifferent between continuing to stay in health 
state x and taking the gamble. In this situation the value or "utility" 
of the two alternative actions is the same. This means that the utility 
of health state x {Ux) equals the relative sum of the utilities of state y 
{Uy) and state z {Uz). The formal expression will be: 

Ux=(p)(Uy) + (\- P )(Uz) 

If perfect health is given a utility of 1 and death is given a utility of 0, 
then Ux = (p) (1) + (1 -p) (0), i.e. Ux = p. 

An example will make it easier to understand the method. Imagine 
that you have become blind and have not been able to see for a couple 
of years. A new surgical method is very promising and is offered to 
you. The problem is that there is a risk that you might die as a result 
of the surgical procedure. In the standard gamble the chance of sur- 
vival or risk of dying is varied to find the frequency when you are 
indifferent between staying blind or being treated. Using the formula 
above, a person who is indifferent when there is a 10% risk of dying 
values the state of being blind to 0.90 on a scale from 1 to 0. Another 
person will perhaps be indifferent when there is only a 1% risk of 
dying, resulting in a utility value of 0.99. 
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apical lesions in root filled teeth. It was found that, at a 
subjective level, some persons will benefit much more 
from endodontic retreatment than others. 



Ethical principles 

Ethical reflection is a fundamental component of medi- 
cal decision making. The utilitarian idea that it is the 
consequences, and only the consequences, of an action 
that will determine its moral value has been a central 
thought in Western moral philosophy, but it is still a 
controversial one. Traditionally, dentists and physicians 
have had a paternalistic approach to clinical practice. 
Today, however, patient autonomy is widely regarded 
as the primary ethical principle, emphasizing the impor- 
tance of determining patient values. Besides respect for 
autonomy, the principles of beneficence (doing good to 
patients), non-maleficence (avoiding doing harm) and 
justice are often stressed in biomedical ethics (6). 



Choice 3: Non-surgical versus surgical 
retreatment 

The root filled tooth can be retreated using either an 
orthograde or a retrograde approach to the canal. In the 
orthograde or non-surgical retreatment the tooth is re- 
entered through the crown, the root filling removed and 
the canal once again negotiated before it is reobturated 
(Fig. 18.6). The main objective of the non-surgical 
retreatment is to eradicate potential intracanal micro- 
organisms, thus allowing the periapical tissue to heal. 

As an alternative to the orthograde approach, root 
canals might be retreated from a retrograde direction. A 
surgical retreatment will include removal of the periapical 
soft-tissue lesion, resection of the root tip and placement 
of a retrofill (Fig. 18.7). Using this method, complete 
eradication of intracanal microflora must not be expected. 
Rather, if the retrofill is effective, remaining microbes 
will be entombed in the root canal and shut off from 
periapical communication. 




Fig. 1 8.6 Non-surgical endodontic retreatment. (a) The first lower molar was treated for pulpitis, (b) A periapical radiolucency developed 2 years postoperatively 
in the mesial root, signaling the presence of an intracanal infection, (c) The root canals were re-entered and subjected to antimicrobial procedures before they were 
refilled. 




Fig. 18.7 Surgical endodontic retreatment. Following the placement of a post and crown, the second upper premolar developed periapical pathosis. The case 
was retreated surgically with removal of the soft-tissue lesion, apicoectomy, preparation of the apical portion of the canal with ultrasonic instruments and place- 
ment of a SuperEBA retrofill. 
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Several factors must influence the choice between 
non-surgical and surgical retreatment of a case, and 
aspects of biological outcome, costs and risks have to be 
deliberated. 

Data on the outcome of non-surgical retreatment are 
most often available as part of general follow-up studies 
(for a review, see Ref. 24). Reported success rates in these 
investigations vary between 56% and 88%. The issue has 
been addressed specifically only by a few authors. After 
2 years of observation, Bergenholtz et al. (7) found, in a 
prospective study, complete resolution of apical radio- 
lucencies in 48% of 234 retreated roots. Decreased size of 
the radiolucency was observed in a further 30%. After a 
follow-up period of 5 years, Sundqvist et ah (70) reported 
complete resolution in 74% of 54 retreated teeth. 
Information on the outcome of surgical retreatment is 
abundant. Many methods have been adopted and 
reported success rates vary between 30% and 90% (24). 
In a comprehensive review of the literature, Hepworth 
and Friedman (24) tried to estimate the success rate of 
retreatment by means of a weighted average calculation, 
reporting 59% and 66% for surgical and non-surgical 
approaches, respectively. 

Outcome studies have focused almost exclusively on 
either surgical or non-surgical retreatment procedures. 
However, Allen et al. (3), in a retrospective analysis of 633 
cases where either of the two methods was used, found 
no difference. These observations were corroborated in a 
prospective, randomized investigation by Kvist and Reit 
(31, Key literature 18.3), who failed to show any system- 
atic difference in the outcome of surgical and non-surgical 
endodontic retreatment. 

Scientific data do not support the notion of a system- 
atic difference in healing potential between surgical and 
non-surgical retreatment. However, whether the recent 
rapid development in technology (e.g. nickel-titanium 
instruments, rotary systems, surgical microscopes, ultra- 
sonic retrotips, new retrofilling materials) will change 
this situation remains to be seen. 

Because there seems to be no evidence for a systematic 
preference for one retreatment approach over the other, 
the choice has to be based on individual case-related fac- 
tors (Core concept 18.4). 



Core concept 18.4 



Case-related factors influencing 
retreatment choice 



Etiology of the lesion 
Access to the root canal 
Monetary costs 
Quality of original treatment 
Position of the tooth 
Personal skills 



Etiology of the lesion 

In the majority of endodontic " failures" the periapical 
radiolucency is caused by an intracanal infection. 
However, in some cases the causative agent might be 
found in the periapical tissue, demanding a surgical 
retreatment approach. Bacteria such as Actinomyces 
israelii and Propionibacterium propionicum have been 
found to be able to prevail outside the root canal (22, 64). 
Additional strains have been observed (69, 73) but the 
prevalence of extraradicular microbes in chronic apical 
periodontitis is controversial (see also Chapters 6 and 7). 



Key literature 18.3 



Surgical versus non-surgical 
retreatment procedures 



Kvist and Reit (31, 32) randomized 95 incisors and canines, classified 
as "failures" according to the Strindberg (68) criteria, to surgical or 
non-surgical retreatment. Three randomization factors were consid- 
ered: size of the periapical radiolucency, the apical position and the 
technical quality of the root filling. Clinical and radiographic follow- 
ups were made at 6, 1 2, 24 and 48 months postoperatively. To obtain 
identical radiographs at consecutive intervals, an impression was 
obtained of the patient's dental arch. The impression was attached to 
a modified Eggen device. The observers used a strict definition of 
periapical disease. Disputed cases were subject to joint evaluation. 

At the 12-month follow-up a statistically significantly higher heal- 
ing rate was found in favor of surgical (•) over non-surgical (■) 
retreatment (*). At the final 48-month examination no such differ- 
ence between groups was registered. Four surgically retreated cases 
classified as healed did show a relapse of the apical radiolucency, 
or presented with clinical symptoms at later follow-up. In one non- 
surgical^ retreated tooth the periapical radiolucency did recur. 
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Significantly more patients reported discomfort (pain, swelling) 
after surgical retreatment than after non-surgical procedures. 
Analgesics were consumed significantly more often after surgery. 
Patients reported absence from work, mainly due to swelling and dis- 
coloration of the skin. Surgical retreatment tended to bring about 
greater indirect costs than non-surgical retreatment. 
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Periapical lesions in endodontically treated teeth may 
be associated with non-microbial agents, such as foreign 
body reactions to root filling materials (42) and the devel- 
opment of apical cysts. As described in Chapter 7 apical 
cysts are classified as "pocket" cysts and "true" cysts. The 
pocket cyst has an epithelial-lined cavity open to the root 
canal and might be expected to heal after conventional 
endodontic treatment (41). The cavity of the true cyst is 
completely enclosed by epithelial lining, which might 
make the dynamics of the cyst independent of any intra- 
canal treatment measures. Thus, traditionally it has been 
supposed that true cysts have to be enucleated surgically 
in order to heal. Yet, clinically it is not possible to differ- 
entiate between the various presentations of the peri- 
apical inflammatory reactions. No accurate tests are 
available but cysts are expected to be more prevalent 
among large lesions (44). 

Access to the root canal 

Endodontically treated teeth are often restored. In order 
to re-enter the root canal for retreatment, crowns some- 
times have to be penetrated and posts removed. Such 
procedures will increase monetary costs and the risks for 
loosened crowns and root fractures. Therefore, the more 
complex the restoration, the more attractive the choice of 
surgical intervention. 

Quality of original treatment 

There is a strong correlation between the quality of the 
treatment (as reflected in the technical quality of the root 
filling) and the treatment outcome. In a canal with a 
defective seal (substantially short of apex, apical and 
lateral voids), non-surgical retreatment should be the 
first choice. Consequently, if the chances to improve the 
filling quality are small then surgical procedures should 
be considered. 

Position of the tooth 

Inaccessibility of the surgical site may be a contra- 
indication for surgical retreatment. The proximity of 
neurovascular bundles or the presence of thick alveolar 
bone might severely obstruct the possibility to cut, clean 
and seal the apical portion of the root. 

Personal skills 

Surgical and non-surgical retreatment procedures are 
often technically difficult and the results that can be 
achieved are highly dependent on the personal skills of 
the dentist. Therefore, complicated cases might benefit 
from being referred to a specialist or an experienced 
colleague. 



Concluding remarks 

Whether endodontic retreatment should be performed 
in a given case is a complex decision situation and many 
factors have to be considered. For the clinician it is 
important to appreciate the microbiology and pathology 
of the non-healing periapical lesion, as well as the techni- 
cal potentials and limitations to resolve it. As important 
as professional knowledge and skill might be, it must be 
emphasized that the final decision is in the hands of the 
informed patient. Remember that the patient is the 
expert on which symptoms are tolerable, which economic 
costs are acceptable and which risks are worth taking. 
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Chapter 19 

The root filled tooth in prosthodontic 
reconstruction 



Eckehard Kostka 



Introduction 

After endodontic therapy a tooth must be restored to 
functional and esthetic demands. Teeth which are to be 
used as abutments in prosthodontic reconstructions 
must be judged especially carefully regarding their ability 
to withstand a higher load than a single tooth normally 
is exposed to (Core concept 19.1). An important consid- 
eration is that in most cases the remaining tooth structure 
will often be substantially less than that in intact teeth 
because of caries or other causes. Additionally, further 
loss of tooth structure takes place during the preparation 
of the access cavity and the root canal. The amount of 
coronal tooth structure that remains is the most impor- 
tant factor in the decision for the kind of reconstruction 
to be made as it affects the retention of the restoration 
and the fracture susceptibility of the tooth. When the 
remaining tooth structure does not provide enough 
retention for a core build-up, the root canal can provide 
enhanced retention by the use of a post. Thus, in a single- 
rooted tooth with substantial loss of coronal tooth struc- 
ture, a post and core are often needed. 

There is experimental evidence that there are changes 
in receptor properties in teeth with non-vital pulps lead- 
ing to higher bite forces than in teeth with vital pulps 
(Key literature 19.1) (49). This must be considered at the 
planning stage by estimating the fracture susceptibility 
of a root filled tooth, especially in a prosthodontic recon- 
struction substituting more than one tooth. 



Problems associated with root filled 
teeth as abutments 

In order to achieve long-term clinical success with 
prosthodontic restoration of root filled teeth it is essential 
to know the reasons for clinical failures. Some of these 
reasons, such as recurrent caries or periodontal break- 
down, are the same as in non-root filled teeth. A major 
difference is the absence of a vital pulp with its potential 
to respond with specific pain symptoms that may act as 



an alarm for the patient. To minimize the development 
of new caries and periodontal disease, an individually 
adapted regimen of preventive care has to be established 
including an appropriate recall schedule. 

The loss of retention of a crown is possible in non- vital 
as well as in vital abutment teeth, but in the latter case 
early symptoms warn the patient. The specific issues 
associated with prosthodontic reconstruction of root 
filled teeth are now discussed. 

Loss of retention 

Retention loss is a failure of the connection between two 
parts of the restoration or between the restoration and 
the tooth. A fracture within one of the materials may also 
result clinically in a loss of retention, but the cause must 
be differentiated. 

When the retention is lost in one abutment, either the 
complete prosthodontic reconstruction will feel loose, 
causing only minor symptoms in a tooth with non-vital 
pulp, like malodor, or it will still be functioning satisfac- 
torily and the failure may remain undetected by the 
patient. In these cases the diagnosis is difficult but never- 
theless important. The continuous gap between crown 
and tooth gives access to bacteria, possibly causing caries, 
gingival inflammation, pulpal complications and apical 
periodontitis, depending on the location of the gap and 
the seal of the remaining barrier between the gap and 
the apex. Furthermore, the forces acting on the remain- 
ing reconstruction are higher, with an increased risk of 
fracture or subsequent loss of retention of the other abut- 
ments. Therefore, at each recall examination, it is of 
supreme importance to check the fit of every single abut- 
ment in a prosthodontic reconstruction. 

The marginal fit is checked visually using loupes and 
with a suitable fine explorer by trying to penetrate 
between the tooth and the restoration margin from an 
apical direction. If a gap cannot be felt, a rocking and a 
push-pull motion with the fingers may disclose move- 
ment of the restoration. In the case of a loose restoration, 
passage of saliva along the cavosurface margin may be 
observed. 
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Core concept 19.1 Parts of prosthodontic reconstruction compared with chain links 



From a mechanical point of view, in a restored abutment tooth, all parts 
of the prosthodontic reconstruction and their connections must resist 
the forces that act upon them. The strength of the complete reconstruc- 
tion can be compared with a chain in which every link is one of the sepa- 
rate parts of the reconstruction, of the biological structures and their 
connections. Each chain is only as strong as its weakest link. In the case 
of two parallel chains, the overall strength is as high as the sum of the 



strengths of both chains, so when one is strong enough there is no need 
for the other one. 

The term "strength" means both the internal (tensile) strength of 
part of the reconstruction and the retentive (bond) strength between 
two parts. 

The links of the chains in an abutment tooth restored with a post and 
core are as shown below. 
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Key literature 19.1 Changes in perception 



Randow and Glantz (49) carried out a clinical experiment of excep- 
tional design: they cemented crowns with temporary extension bars 
at the buccal aspect on matched pairs of neighboring (contralateral) 
teeth in test people; one tooth was vital and one root filled, supported 
with an individual cast post and core. Weights were applied at differ- 
ent lever arm positions until the test persons experienced pain. The 
pain loading level of the pulpless teeth was more than twice as high 
as in teeth with vital pulps. The experiment was repeated under local 
anesthesia but terminated at a loading level exceeding 125% of the 
root filled tooth without anesthesia. Under these conditions no differ- 
ence in the reaction levels within the pair of teeth was observed. In 
one root filled tooth a coronal dentin fracture occurred and the 
cemented post lost its retention. 

These results show that pulpless teeth behave differently than 
teeth with vital pulps with regard to their tactile reactivity. 



^/ 



Factors influencing retention 

Retention of a core build-up 

Assuming that the retention for the crown is sufficient 
and appropriate to the prosthodontic reconstruction, the 



retention of the core build-up is the next link in the chain 
of retention. The more the retention of the crown relies 
on the build-up, the more important is the retention at 
the tooth structure. The build-up is attached to the tooth 
mechanically and may also be adhesively (micro- 
mechanically) attached, depending on the material used. 
A plastic filling material can be condensed or syringed 
into undercuts, retention grooves or the canal orifices. 
Additionally, it can be fixed by means of intradentinal 
pins or a post. 

Retention of a post 

The retention of a post depends on: 

• its design (tapered, parallel, individual); 

• insertion depth; 

• macroretentions (thread, serrations); 

• surface characteristics (composition, roughness, sur- 
face energy); 

• cementing agent in combination with pretreatment 
of the dentin surface. 
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Fractures 

Cohesive failure within a material occurs as a fracture. 

Fractures of the superstructure 

A fracture within the superstructure of a prosthesis does 
not depend on the endodontic treatment per se and can 
happen in a vital abutment tooth as well. The only 
difference is that the reflex control of bite forces is 
reduced (49) owing to the loss of receptors in the pulp or 
a change in the mechanoreceptor function in the peri- 
odontal membrane. 



Core/ post fractures 

Core: The fracture susceptibility of a core build-up 
depends mostly on its dimensions, the material's strength 
and the forces acting upon it. Regarding these forces, 
there are major differences between anterior and poste- 
rior teeth in the amount and direction of force, the ratio 
between length and diameter and the area of the bonded 
surface. When a post is used, its coronal end can weaken 
the core build-up and exert stress, depending on its size 
and shape. 

Post: A post often is the most retentive link in the chain 
of retention. In the case of overload either it breaks or it 
fractures the root, depending on which is the strongest 
component. The fracture susceptibility of a post depends 
on its diameter and the material from which it is 
fabricated. 



Tooth fractures -factors influencing fracture risk 

• Mechanical characteristics of non-vital dentin: For a long 
time endodontically treated teeth were thought to be 
more brittle owing to a loss of moisture content. 
Several studies have investigated the mechanical 
properties of dentin in vital versus non-vital teeth 
(Key literature 19.2) (see also overview in Ref. 32). 
Although the moisture content did vary significantly, 
the compression strength and tensile strength did 
not show any significant difference (28). Thus, factors 
other than dentin characteristics may be more impor- 
tant in the increased fracture susceptibility of end- 
odontically treated teeth. 

• Amount of remaining tooth structure: The loss of tooth 
structure in an endodontically treated tooth is much 
more responsible for its higher susceptibility to frac- 
ture than changes in its mechanical properties. 
Posterior teeth with intact marginal ridges and only a 
small access preparation are most resistant to fracture 
and are not significantly weaker than intact teeth 
without any preparation (51, 64). From a prosthodontic 






Key literature 19.2 Brittleness of dentin 



Sedgley and Messer (57) investigated the dentin in vital versus root 
filled teeth: 23 matched pairs of contralateral teeth freshly extracted 
for prosthodontic reasons were subjected to different mechanical 
tests. One of the corresponding teeth was vital and the other had 
been endodontically treated 1-25 years before (mean 10.1 years). 
Holes of 1 mm diameter were punched by a universal testing machine 
into two slices of dentin 0.3 mm thick cut from the necks of the teeth, 
and the shear strength and toughness were calculated from the 
stress-strain curve. Additionally, in one of the slices the Vickers hard- 
ness was determined midway between the root canal and the periph- 
ery. The coronal root canal openings of the remaining roots were 
prepared as a seat for a cone-shaped steel rod, followed by loading 
the teeth until fracture occurred in an axial direction. 

Neither the punch shear strength or toughness nor the load to 
fracture differed significantly between vital and root filled teeth. The 
hardness of the cervical dentin was 3.5% lower in endodontically 
treated teeth. 

These findings indicate that teeth do not become more brittle fol- 
lowing endodontic treatment. 



point of view, a maximum of internal tooth structure 
should be preserved to minimize the fracture risk. 
Thus, ideally, the access would be minimal, i.e. just 
large enough to gain access to the canal. From this 
point of view the preparation of the canal, especially 
in the cervical area, should be as small as possible. 
This prosthodontic desire is in conflict with modern 
concepts for root canal preparation in endodontic 
therapy where direct straight-line access to the canal 
with a wide access opening for good overview is a 
general requirement (see Chapter 11). Good cervical 
flaring is furthermore recommended to ensure an 
optimal apical preparation, especially in curved 
canals. In more demanding root canal treatments it 
might be necessary to sacrifice sound tooth structure, 
while in nearly straight canals the preservation of 
tooth structure can be the primary goal. 

The prosthodontic reconstruction determines the forces 
acting on the tooth. The amount of tooth structure left 
after preparation determines its ability to carry loads. 
Which type of reconstruction is best suited for the 
remaining tooth structure needs to be judged at the very 
beginning of treatment. 

When one or both of the proximal walls are lost, the 
tooth is substantially weakened as the support of the 
circumferential marginal ridges (and the roof of the pulp 
chamber) is lost and a horizontal force on a cusp acts 
over a long lever-arm on the weakest part in the cervical 
area, normally just above the alveolar crest. When a force 
acts on the oblique inner slopes of the cusps it will be 
divided into a vertical and a horizontal component, the 
latter exerting high stresses in the weak cervical portion 
(Fig. 19.1). Therefore an effective bonding or cuspal 



320 The Root Filled Tooth 





(a) 



(b) 



Fig. 19.1 (a) Intact tooth, (b) Forces acting on a root filled tooth and result- 
ing stress peak. 



coverage is necessary whenever a proximal wall is 
lost and the cusps are not flat owing to abrasion or 
anatomical form. 

The (tensile) bond strength of any material to dentin is 
always weaker than the (tensile) strength of dentin. 
Therefore, the preservation of a maximum amount of 
dentinal bulk should be the aim in endodontic therapy 
of an abutment tooth. 

• Type of post: A stiff material with a high modulus of 
elasticity may concentrate the forces onto a small area 



at the end of the post, exerting more stress onto the 
root; a post material with a similar behavior to dentin 
could spread the forces, so they decrease towards the 
post's tip (Fig. 19.2). This seems to be more favorable 
with respect to fracture mode (2, 37). A stiff post may 
induce more damaging types of fractures (Fig. 19.3). 

Tapered posts meet the shape of a canal prepared 
for root filling better than parallel posts which may 
need additional removal of tooth structure at the api- 
cal end. This leads to significant weakening of the 
root on a level where the thickness of the root is 
already decreasing naturally (36). 
Length of post: The longer a stiff post, the better the 
distribution of stresses, resulting in reduced stress at 
the apical end of the post because of leverage (63). 
Extending the length to two-thirds of the root length 
results in a superior fracture resistance compared 
with short posts (29, 55). The length of the post is not 
so significant for adhesively luted fiber posts (55). 

There is a lack of clinical data regarding the length 
of posts in relation to the level of alveolar bone, but in 
the case of a metal post it seems more favorable to 
extend the post below the alveolar crest. 
Post diameter: The thicker a post, the thinner and 
weaker will the remaining tooth structure be, leading 
to increased risk of fracture. On the other hand, a 
post must be thick and stiff enough to transmit lateral 
forces to the root uniformly. Normally, depending on 
the diameter of the root, the post diameter should not 
exceed 1.5 mm at the cervical level and in small or 
fragile roots this is less. The removal of sound tooth 
structure for placing a post should be considered very 
carefully. 




Fig. 1 9.2 Distribution of forces by posts with different stiffness. 
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Fig. 19.3 Fracture of root filled tooth 15, probably due to forces from the 
metallic post. (Courtesy of Dr LP. Sewerin.) 





Fig. 19.4 Correct and incorrect placement of post in distal root of lower 
molar. 



Perforations 

Invaginations of the external root surface - 
stripping perforations 

Roots are seldom round and often have curves, invagi- 
nations, flutes or other varieties in shape. The distal root 
of a mandibular molar is kidney-shaped in its cross- 
section, so care must be taken not to place the post prepa- 
ration in the middle of the canal but in the bulkiest part 
of the root, i.e. the buccal or lingual edge (Fig. 19.4). 

The mesial root of a lower molar and the mesiobuccal 
root of an upper molar are often curved in a distal direc- 
tion. The most cervical parts of the canals ^o mostly in 
the mesial direction, so when this initial curve is not 
removed during the access preparation there is great 
danger of stripping perforation into the interradicular 
space or in the mesial direction (Fig. 19.5). Proper flaring 
and, especially, anticurvature filing are important not 
only to gain a straight-line access for the apical prepara- 
tion of the canal but also for safe preparation of the post 
space (34). 

Curvatures not perceptible in the radiograph 

Even if the cervical part of the canal is straight, a more 
apical curvature may limit the length of a post. The most 
dangerous curvatures are in the plane not perceptible on 
the radiograph. Only knowledge of the anatomy of the 
root prevents perforation during preparation of a post 
space, e.g. the palatal roots of upper bicuspids and molars 
(75). 




Fig. 19.5 (a) Danger of perforation in curved canals, (b) Perforation 
of the distal root by a post. (Courtesy of Dr LP. Sewerin.) 
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Deviation of the prepared canal 

Gates-Glidden drills as well as Peeso reamers and some 
specific drills for post systems have a non-cutting self- 
centering tip, which ensures that the preparation of the 
post space will not deviate from a guiding canal being 
enlarged concentrically. In the case of a root filled tooth, 
the center of the root filling is the guiding structure. 
When the root filling deviates from the original canal, 
the center of the root filling is no longer the center of the 
root. Enlarging a deviated canal preparation concentri- 
cally can therefore cause a lateral perforation, depending 
on the amounts of deviation, enlargement and dentinal 
bulk in that direction (24, 34). 

Use of end-cutting drills 

Special care must be taken when using the end-cutting 
drills provided with many post systems. Even when 
driven by hand, they can easily deviate from the canal 
(Fig. 19.5b). Therefore, removal of the root filling and 
preparation of the canal space should be done using 
drills with a non-cutting tip prior to use of the drills for 
these post systems (24). 

Excessive length/ diameter 

When a post is longer than the straight portion of the 
canal, a perforation is likely to occur (Fig. 19.5). With 
increasing diameter of the post, not only the fracture risk 
but also the risk of perforation increases significantly, 
therefore a post should always be as thin as possible, i.e. 
just thick enough to gain some guidance and retention 
within the canal. 



Reinfection/bacterial leakage 

Microleakage of cemented posts 

A major aim of the root filling is to seal the canal as tightly 
as possible to hinder bacterial leakage from the oral envi- 
ronment to the periapical tissues. Preparing the canal for 
receiving a post removes a substantial amount of the root 
filling and may disturb the seal of the remaining filling. 
The subsequent cementation of posts may again seal the 
canal and reduce the risk of infection. Adhesively luted 
posts leak less than conventionally cemented ones (4) 
but leakage increases after fatigue loading (53). However, 
leakage may occur during post space preparation. 
Immediate post space preparation is less likely to cause 
leakage than preparation after complete setting of the 
sealer (1); a root filling without a tight seal of the access 
cavity allows leakage of bacteria within a few weeks (5), 
so the post space preparation and the subsequent luting 
of the post should be established immediately. Aseptic 
conditions are imperative during post space preparation, 



so a rubber dam should be used. If this is not possible, 
there must be adequate moisture control and the post 
space should be irrigated with antiseptic solutions such 
as sodium hypochlorite, chlorhexidine or alcohol. 

There is clinical evidence that leaving at least 3 mm of 
apical root filling under posts decreases the probability 
of occurrence of periapical lesions (35). In vitro studies 
have shown that a remaining apical root filling of 5 or 
7 mm prevents leakage better than one of 3 mm (41), 
therefore a residual root filling of 3 mm should be the 
absolute minimum. 



Core build-ups 

Core build-up without a post 

If enough coronal tooth structure remains to yield reten- 
tion to a core build-up, a post will not be necessary. The 
build-up will fill the access cavity and any substance loss 
from caries or other causes, and may increase the height 
of the abutment. It must be taken into account that dur- 
ing crown preparation the outside walls of the remaining 
tooth structure will be reduced in thickness or removed 
completely and so will not contribute to the final build- 
up retention. The retention of the build-up must be 
achieved with the tooth structure that will remain after 
the final preparation. 

Modern dentin adhesives are able to retain composite 
fillings in cavities without any retentive form but they 
may be overrated in successfully bonding build-up and 
prosthodontic reconstruction alone. For build-ups, a 
mechanical retention in addition to dentin bonding 
should always be used to gain a maximum overall 
retention. 

The possibilities for achieving mechanical retention 
are different between single- and multirooted teeth. The 
size of the pulp chamber (in width and depth) in multi- 
rooted teeth is of considerable advantage for achieving 
mechanical retention. Undercuts are a natural property 
of multirooted teeth, with divergent canal orifices pro- 
viding excellent mechanical retention. 

Because forces acting on all teeth are different and 
depend on the degree of destruction, further mechanical 
retention may be necessary via grooves (67) or posts. In 
anterior teeth the forces act in a more horizontal direction 
and their cross-sectional area is smaller than in posterior 
teeth. These unfavorable lever-arm relations necessitate 
the insertion of posts. 

Whenever the remaining tooth structure and the 
pulpal space support sufficient retention for the build- 
up, a post will not be needed and should be avoided 
because the risks associated with the use of posts do not 
exceed the advantages in most cases (Core concept 19.2). 
Restorations without posts in premolar teeth with their 
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Core concept 19.2 



Advantages of build-ups 
without posts 



A build-up without a post offers some advantages: 

Additional weakening of the root is avoided. 
Danger of root perforation is minimized. 
Load transmission to the root is more uniform. 
• Fracture mode is more favorable in case of failure. 
Salvaging of the tooth is more likely in case of failure. 
Non-surgical retreatment is facilitated. 
Costs for materials and treatment time are reduced. 



clinical crowns removed resisted similar loads to those 
resisted by post-restored samples in vitro (10, 22, 65). In 
substantially decayed incisors, crowns without posts 
failed at significantly lower forces than teeth with post- 
retained build-ups did (70). Prospective clinical studies 
comparing root canal-treated teeth with or without 
insertion of posts found failure rates of the same level for 
both types of restorations in single crowns (19, 21, 54). 

Post systems: cylindrical, tapered, screws 

In general, prefabricated posts may be either cylindrical 
or conical in shape. A cylindrical post gains more reten- 
tion than a tapered one even after the very first debond- 
ing, masking an initial failure. A slightly tapered post 
matches the shape of a prepared canal and in many cases 
the anatomy of the root, respectively. Selecting an appro- 
priate size means that removal of tooth structure is mini- 
mized. In addition, a conical post is easier to put in place 
and leaves more space for the escape of the luting agent 
during insertion. Some metal posts are provided with a 
thread for better retention, which has to be tapped inside 
the root as well. This exerts more stress on the tooth and 
the clinical success rate is significantly lower (56). 

Post materials 

Metal cast post and core 

Metal posts have been used for many decades and the 
fracture resistance of cast precious alloy post-and-core 
restorations served as the "gold standard" when new 
materials were introduced. There are two different 
methods for fabricating a cast post and core: the direct 
technique, where a special acrylic resin is used to form a 
core build-up directly in the mouth, and the indirect 
technique, making an impression and fabricating the 
post and core in the laboratory. The completely combus- 
tible resin can be used in combination either with a 
wrought precious alloy post, onto which the core part is 
cast, or with a burn-out acrylic post which is lost in the 
cast procedure. 



Prefabricated metal post 

The most important mechanical properties of a post 
material are its tensile strength, resulting in fracture 
strength against bending forces and Young's modulus 
resulting in stiffness. The mechanical properties of pre- 
fabricated metal posts are superior compared with com- 
pletely cast ones (30). 



Fiber-reinforced resins 

In recent years, epoxy-based carbon-fiber posts were 
marketed, followed and widely displaced by quartz- and 
glass-fiber reinforced posts. They are luted adhesively 
and used in combination with a composite core material. 
In vitro studies have shown that the fracture resistance of 
such post-and-core restorations is lower compared with 
that of metal posts. The mode of failure is more likely to 
be a fracture of the post or cervical root fracture, which is 
re-restorable in contrast to the often much deeper root 
fractures of metal posts (40, 60). The fracture resistance of 
different brands of posts was found to show a direct cor- 
relation to their fiber content (58). In the case of a broken 
post or if retreatment of the root canal is needed, fiber 
posts are easy to remove (39). 

Another common failure is debonding of the post, 
highlighting the issue of adhesion to the post as well as 
to the root dentin. Several procedures enhance bonding 
to the post, such as sandblasting or etching with differ- 
ent agents and subsequent silanization (8). 

There are two other approaches to counter the prob- 
lem of adhesion to the post, either using a special post 
containing an unpolymerized matrix (37) or using a 
woven band of high-molecular-weight polyethylene 
fibers that can be soaked with light- or dual-curing resin, 
folded and placed in wide post spaces (44, 48). Adhesively 
luting to the root dentin seems even more variable than 
to the post surface and is still a field of intensive research 
(9, 45, 74). Clinical long-term studies are still scarce and 
do not specify or standardize some clinical important 
factors, like amount of coronal tooth structure. Success 
rates of 65% (58) to 90% (18, 48) are reported after 7 years 
of service with no root fractures observed in the latter 
two studies. 



Ceramics 

Some years ago new high-strength ceramics came into 
clinical use as materials for full ceramic reconstructions, 
namely zirconium as prefabricated posts and glass- 
infiltrated aluminum oxide ceramics used for custom- 
made post and core construction. They offer high 
strength and their esthetic appearance is emphasized. 
Although a zirconium post is about as strong as a titanium 
post and has a higher stiffness (2), its use should be 
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judged carefully. Microcracks can occur owing to aging 
or inadequate handling, weakening the post substantially 
(20). Bonding to zirconium is difficult and sensitive to 
fatigue (11). There are still no long-term clinical results 
but the removal of such a post in case of failure or if 
retreatment should become necessary might be impossi- 
ble, or at least a very time-consuming procedure, leading 
to excessive dentin loss and a high risk of lateral root 
perforations. 

Core build-up materials 

Amalgam 

Amalgam has been widely used for a long time as a 
plastic core material. It offers good mechanical and 
handling properties and has shown its suitability for core 
build-ups used with posts, pins or other retentive fea- 
tures (67). However, because of the debate about mercury 
toxicity, this material has gained a bad reputation in 
recent years and its use for that reason has been restricted 
in some countries. 

Composites 

Composite is the material of choice for a plastic core 
build-up. In combination with dentin adhesives it offers 
the possibility of superior bond strength to the tooth 
structure over the entire surface, leading to higher reten- 
tive strength. Its mechanical properties make it suitable 
even for substitution of more than half of the coronal 
tooth structure. Depending on the kind and amount of 
fillers, its hardness can be made similar to that of dentin, 
facilitating the final abutment preparation. Its modulus 
of elasticity should be equal to or higher than that of 
dentin, resulting in enhanced reinforcement. In anterior 
teeth it also has esthetic advantages when used in combi- 
nation with all-ceramic reconstructions. 



insertion (23, 47). Because ceramic posts have to be used 
in combination with these build-ups the same problems 
apply to them. 

Cements 

Even cements with the highest compressive strength - 
the metal-reinforced glass ionomer cements - are not 
suitable as a core build-up material. Composite resin and 
amalgam performed much better than cements regard- 
ing fracture resistance (13). 

Resin-modified glass ionomer cements and com- 
pomeres, respectively, achieve a fracture strength similar 
to that of composite, but they undergo a slow expansion 
with water absorption leading to cracks in overlying 
ceramic crowns (61). Thus, they are likely also to exert 
stress to other restorations and tooth structure. 



Post and core systems 

Prefabricated post/plastic core build-up 

In contrast to a direct build-up with plastic material, an 
indirect one makes it necessary to remove undercuts, so 
that tooth structure, valuable for strength and retention, 
is removed. With a direct build-up the access cavity can 
be closed immediately after root filling. If this is done 
with a composite in combination with a suitable adhe- 
sive, the risk of bacterial leakage compared with a provi- 
sional closure is minimized. An adhesive build-up 
contributes more to the reinforcement of the tooth and 
minimizes the risk of fracture compared with a tempo- 
rary material necessary during the period of manufac- 
turing the laboratory-made post and core. These 
temporary materials do not bond to the tooth structure, 
they do not have the strength and it is necessary to 
remove them. A build-up with plastic material is pre- 
ferred whenever it is possible (Core concept 19.3). 



Ceramics 

High-performance ceramics were introduced in the 
dental field for inlays, crowns and bridgework and are 
also used as core build-up materials, especially in anterior 
teeth. They have esthetic advantages and also superior 
strength. Using a surface pretreatment that depends on 
the kind of ceramic, they are cemented adhesively to the 
tooth, gaining a stabilizing effect. The fabrication of a 
ceramic post-core build-up is comparable to that of a cast 
metal post and core, not only because it is done in the 
laboratory but also because there is the option to use a 
ceramic pressed around a preformed ceramic post or to 
fabricate the post-core build-up in one material as glass- 
infiltrated alumina or by milling from an industrially 
prefabricated block of ceramic. As a third option, post 
and core can be separate parts bonded together during 



Indications for different kinds of core build-up 

The kind of build-up that is best suited for the individual 
situation depends on: 

• the remaining tooth structure; 

• the burden of the superstructure. 

The ratio of these two factors influences not only the 
choice of build-up but also the prognosis for long-term 
success. 

In general, in all cases where sufficient retention can 
be gained without a post, a post should be avoided. 
Whether a post and core should be of plastic material or 
a cast one is still controversial. The plastic materials, 
especially composites, are increasingly preferred because 
their mechanical properties and the adhesive systems 
have been improved. 
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Core concept 19.3 



Advantages of build-ups in 
plastic material with posts 



A 



The use of a prefabricated post in combination with a build-up in 
plastic material offers many advantages compared with a laboratory- 
made post: 

Saving of tooth structure: 

- undercuts can remain and serve for more retention. 
Immediate closure of the prepared canal: 

- less danger of bacterial leakage. 
No need for a provisional restoration: 

- no fracture risk during provisional restoration; 

- saves chairside time; 

- saves cost. 

In the case of a composite build-up, additional advantages are: 

Improved esthetics 

Adhesive technique simply achievable 

Higher bond strength 

Decreased leakage 



Clinical techniques 

Bonding techniques for strengthening tooth 
structure 

When a tooth with an open apex needs endodontic 
therapy, both the endodontic treatment procedures and 
the final restoration are a challenge. Because the walls of 



the root are thin, it is much more susceptible to fracture 
and therefore effective reinforcement is a major concern 
for long-term success. Effective reinforcement can be 
achieved by filling the post-carrying part of the root 
with light-curing composite using a transparent light- 
conducting post. After removal of that post, the apex is 
still accessible and a prefabricated post can be cemented 
(Clinical procedure 19.1), gaining a higher overall frac- 
ture resistance than a custom-made cast post and core, 
which is adapted to a weakened canal wall (25). By using 
light-transmitting posts, a curing depth up to 10 mm can 
be achieved, depending on the diameter of the post (73). 
The risk of fracture increases from the beginning of 
endodontic therapy, so effective protection is necessary 
between appointments during a longer lasting endodon- 
tic treatment aiming at apexification of thin-walled roots. 
When apexification is not rapidly achieved with the use 
of calcium hydroxide or MTA, the above-described tech- 
nique can also be used before finishing the endodontic 
treatment, allowing access to the apical part of the canal. 
The strengthening effect of an internal composite rein- 
forcement up to 3 mm apical to the cemento-enamel 
junction has been verified (31). 

Preparation techniques for posts 

After finishing the endodontic treatment it is essential to 
take precautions so that the risk for bacterial leakage 
along the remaining root filling is avoided. The final 



Clinical procedure 19.1 Strengthening a thin-walled root 




Insertion of 
composite 



Curing with 
light trans- 
mitting post 




Cementing 
final post 



Build-up 
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Clinical procedure 19.2 Preparing and inserting a post 




Removal of 
gutta-percha 



Enlarging 

with 

Gates-Glidden 



Final 
post space 
preparation 



Dentin 
pretreatment 



Placing of 
luting agent 



Inserting 
post 



Preformed 
build-up 



Abutment 
preparation 



restoration should therefore be established as soon as 
possible (5). Another reason for an immediate preparation 
of the post space is that the dentist is still familiar with 
the individual canal anatomy. In cases where an incre- 
mental vertical root filling technique is used a post may 
be inserted instead of backfilling the coronal part of the 
canal. 

The safest method of removing the root filling material 
without leaving the canal is by using a heated instrument 
and this should be used always as a first step in achiev- 
ing the post space preparation. A heat carrier is intro- 
duced into the canal, repeatedly softening and removing 
the gutta-percha until most of the final length is cleared. 
The next step in preparing the post space is the use of 
rotating instruments if the post's diameter will exceed 
the size of the root filling. It is safer to begin with instru- 
ments equipped with a non-cutting tip. In contrast to 
Gates-Glidden drills, Peeso reamers ensure a straight 
preparation. The drills are used in ascending diameters 
at low speed to avoid excessive heat. Orifice openers can 
also be used. The size of the last file gives information 
about the appropriate diameter for the post. As soon as 
the rotating instrument cuts into dentin over almost all 
of the circumference, the corresponding drill of the post 
system is used. These drills often have end-cutting tips 
so they must be used very carefully and only for the final 
preparation to avoid perforations. After completing the 
preparation, a radiograph should be taken with the post 
in place to ensure its proper positioning. 



Length of posts 

Post length is limited by the curvature of the root and the 
necessary root filling needed to prevent leakage. An 
absolute minimum of 3 mm of apical root filling should 
remain (41). The length of a cylindrical post may be 
limited owing to excessive weakening of the root at the 
apical end of the post. 

Cementing posts 

The retention of a metal post depends more on factors 
such as shape, length and surface roughness than on the 
cementing agent. The cementing agent has to fill the gap 
between post and dentin wall and to transduce the forces 
between both. The classical cementing agent for fixed 
restorations is zinc phosphate cement. It is still the mate- 
rial of choice for metal posts in a standard situation 
because it is not critical in handling and regarding dentin 
pretreatment (33). It is removable by ultrasonic instru- 
ments if retreatment is necessary. Resin cements are 
required for adhesive luting of fiber posts. They require 
an adequate dentin pretreatment for removing or 
modifying the smear layer that is always present on 
mechanically treated dentin surfaces. The manufacturer's 
instructions must be followed carefully when using 
dentin adhesives. 

It is essential to ensure dry conditions in the cementing 
procedure. The post space is rinsed with water and dried 
with paper points. When using zinc phosphate cement, 
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removing the smear layer with EDTA is recommended 
to clean the canal and enhance retention. The cement is 
mixed to a creamy consistency and applied with a lentulo 
spiral into the post preparation. The post is than seated 
carefully until it reaches the bottom of the preparation 
and the cement is left to harden undisturbed. 

When using fast-setting resins the use of a lentulo 
spiral may be ill advised because premature setting may 
hinder complete positioning of the post. When using 
these materials only the post is coated with the cement. 
Materials with enough working time are applied with a 
syringe and a blunt hollow needle to reach the bottom of 
the post preparation (14). 



Prosthodontic reconstruction 

Single tooth 

The simplest case of prosthodontic reconstruction is the 
restoration of a single tooth. Often a prosthodontic 
reconstruction can be substituted by a composite filling 
(Fig. 19.6). When the composite is bonded to etched 
enamel and dentin by use of a suitable adhesive, the 
fracture resistance is increased considerably (26, 42). As a 
temporary solution, an amalgam filling is also possible 
(Fig. 19.7). In the case of lost proximal ridges, cuspal cov- 
erage should be established to reduce the risk of fracture 
(27). Such an amalgam filling can last for some years and 
allow a proper observation period. Later on, the filling 
can remain as a core build-up and be prepared to receive 
the final restoration. This is also a cost benefit for the 
patient. 




When the crown preparation is carried out, the margin 
of the preparation should end as high as possible occlus- 
ally in order not to weaken the cervical area, which is 
weakened from the inside during endodontic therapy 
(Fig. 19.8). For this reason a partial crown or an onlay 
(Fig. 19.9) with a maximum preservation of sound tooth 
structure is most desirable. With a metal onlay, even 
minimal embracing of a cusp ensures that occlusal forces 
cannot act in a horizontal direction (see detail in 
Fig. 19.9). 

Where there are thin remaining walls of coronal tooth 
structure and esthetic demands, a full ceramic restora- 
tion (Fig. 19.10) offers the advantage of adhesive bonding 
throughout the entire surface (51, 53) and can be made as 
a core build-up and crown restoration in one piece 
(Fig. 19.11), which is desirable in the case of substantial 
loss of tooth structure (7). 




Fig. 19.7 Amalgam restoration. 







Fig. 19.6 Composite restoration. 



Fig. 1 9.8 Crown with different levels of preparation. 
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Fig. 19.9 Onlay. 




Fig. 19.10 Ceramic onlay. 



Preparation principles 

Saving of tooth structure 

The reduction of internal tooth structure takes place in 
several steps during the endodontic and restorative 
treatment: 

1. Access cavity. 

2. Coronal flaring. 

3. Preparing the root canal. 

4. Preparing the post space (if needed). 

5. Removing undercuts, if a custom cast post and core 
will be established. 

Although sufficient access and proper flaring are neces- 
sary for the success of endodontic treatment, every loss 
of dentin weakens the tooth (27). Thus, when a tooth 
serving or going to be used as an abutment needs end- 
odontic treatment, the preservation of tooth structure 
must be considered from the very beginning of the end- 
odontic procedure. When a tooth is already provided 
with a crown, it is beneficial to detach the reconstruction 
before gaining access to the pulp chamber. This is done 
to achieve better orientation concerning two aspects: 
first, because the tooth has lost its natural shape, a devia- 
tion from the ideal straight-line access cavity is more 
likely to occur; and second, the amount of coronal dentin 
left is clearly visible. After endodontic treatment the 
decision for the kind of build-up is facilitated. Leaving 
the reconstruction in place makes the determination of 
the amount of coronal dentin impossible and allows only 
a blind estimation unless radiographic examination of 
the coronal tooth structure is possible, as in the case of 
some low radiopacity materials. When the crown prepa- 
ration is done after endodontic treatment the circumfer- 
ential cutback should be restricted to the minimally 
required reduction in order to save as much tooth struc- 
ture as possible. 




Fig. 19.11 Full ceramic "endo-crown" 



Ferrule design 

Special care must be taken in the restoration of a tooth 
with a minimal amount of remaining coronal tooth struc- 
ture, i.e. when the complete clinical crown is decayed 
and only the root remains. In this case a post will be nec- 
essary for sufficient retention. Generally, with decreasing 
root length the crown length will increase, resulting in 
an unfavorable ratio of leverage of crown versus root. 
Horizontal loads are supported and transferred by the 
post to the root, resulting in extreme tensile stress and 
thus dramatically increasing the risk of root fracture. A 
marginal preparation that embraces the root effectively 
participates in the transfer of horizontal forces onto the 
root and decreases the forces transferred by the post cer- 
vically on the opposite side (Fig. 19.12). Such an embrac- 
ing collar is usually called a ferrule (Key literature 19.3). 



The root filled tooth in prosthodontic reconstruction 329 



^ 





Fig. 19.12 (a) Risk of fracture without ferrule, (b) Effect of ferrule. 



Key literature 19.3 Ferrule length in anterior teeth 



a 



Libman and Nicholls (38) prepared extracted human central incisors 
for complete cast crowns. Test teeth had cast dowel cores fabricated, 
with the ferrule height varying from 0.5 to 2.0 mm in 0.5 mm incre- 
ments. The five control teeth did not have cast dowel cores. A 4.0 kg 
load was applied cyclically to each of the restored teeth at an angle 
of 135° to the long axis of each tooth at a rate of 72 cycles per min- 
ute. The load application point was predetermined by a waxing jig 
that was used to wax all crowns. An electrical resistance strain gauge 
was used to provide evidence of preliminary failure. Preliminary fail- 
ure was defined here as the loss of the sealing cement layer between 
crown and tooth. The results of this study showed that the 0.5 mm 
and 1.0 mm ferrule lengths failed at a significantly lower number of 
cycles than the 1 .5 mm and 2.0 mm ferrule lengths and control teeth 






In anterior teeth a prerequisite is the establishment of a 
ferrule of 1.5-2 mm (38, 66) whereas in premolars even a 
ferrule of 1 mm proved to be effective (3). If this ferrule 
length is not possible, a surgical crown lengthening pro- 
cedure should be considered (Core concept 19.4). 

Clinical outcome of crowns, bridges, prostheses 

Clinical studies investigating the treatment outcome 
show that there are no significant differences between 
the long-term survival rate of vital and root filled teeth in 
single crowns (15, 69). As in laboratory studies the amount 
of coronal tooth structure plays a most important role for 
the success of restorations of root treated teeth (21). 



Another significant factor for success of crowned root 
canal treated teeth is the presence of proximal contacts, 
since a tooth lacking the support of neighboring teeth is 
more prone to failure (12, 43). 

In fixed partial dentures the long-term survival rate of 
endodontically treated teeth is somewhat lower com- 
pared to teeth with vital pulps, especially on the distal 
abutments (46) and in long-span bridges (16). A substan- 
tial decrease in survival rates of root filled teeth was 
found in cantilever bridges and again in the distal abut- 
ments (16, 71) leading to the recommendation to avoid 
this kind of restoration in pulpless teeth. 

Very few studies deal with the outcome within remov- 
able partial dentures. In 1985 Sorensen and Martinoff 
found the success rate of root filled teeth as abutments 
within removable partial dentures to be lower than 
within bridges or single crowns, but looking only at post- 
supported teeth the outcome looked substantially better 
(62). Wegner et ah (72) reported a success rate half as 
good as that for fixed partial dentures after 5 years and 
found conical crown-retained partial dentures to be a 
major problem. In a recently published study a failure 
rate of 20% for pulpless telescopic retainer abutments 
compared to 5.7% for vital abutments was reported after 
6 years in service (17). In contrast, Bergman et ah (6) pre- 
sented clinical data of " carefully planned and designed" 
reconstructions with a strict maintenance regimen over 
25 years where root filled teeth served as abutments as 
well as vital ones. 

The conclusions to be drawn from these results are 
that the use of pulpless teeth for abutments of cantilever 
bridges, removable partial dentures and especially for 
double crown-retained dentures should be judged very 
carefully, maintained thoroughly and restricted to teeth 
with a maximum of tooth structure preserved. 

Conversely, not only does root canal treatment affect 
the outcome of prosthodontic reconstructions but also 
the quality of the restoration may have an influence on 
the success of root filled teeth. When a restoration allows 
leakage of bacteria to the root filling there is no reliable 
seal of the access to the apex, thus increasing the risk of 
development or continuance of a periapical lesion. 
Tronstad et ah (68) and Ray and Trope (50) found a sig- 
nificant influence of an obviously poor restoration quality 
on the presence of periapical inflammation in radio- 
graphically examined teeth. The latter study showed 
that the quality of the restoration had a greater influence 
than the rating of the root filling. 
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Core concept 19.4 Indications for different build-ups 



Indications for different kinds of build-ups for prosthodontic reconstruction in (a) anterior teeth and (b) premolar/molar teeth. 





Loss of coronal structure: 
-minimal -moderate 





Adhesive 
build-up 




- complete 







Post (and peri- 
odontal surgery) 




< 2mm 



- moderate 




Adhesive build-up 
(b) In premolar/ 
molar teeth 



- complete 




Post (and periodontal 
surgery) 
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Case study 

Ceramic onlay with adhesive build-up 

A 26-year-old woman with symptoms of acute pulpitis 
was referred for treatment of tooth 46. The present mod- 
composite filling was found to be suitable for being left 
for intermediate restoration until completion of the end- 



odontic therapy within two visits. Immediately after the 
root filling was performed using a warm vertical tech- 
nique (a), the access cavity was closed with an adhesive 
composite build-up (b) extending some millimeters into 
the canals. Cuspal coverage with a full ceramic onlay was 
accomplished (c, d) to prevent fracture of the weakened 
cusps and due to esthetic demands. 




(Courtesy of Dr Jorg Schroder.) 
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Chapter 20 

Non-surgical retreatment 

Pierre Machtou and Claes Reit 



Introduction 

Endodontic treatment is not always successful and peri- 
radicular inflammatory lesions might persist or develop 
postoperatively. Such "failures" are most often caused by 
microorganisms that have either survived the conven- 
tional treatment procedures or invaded the root canal 
system at later stages via coronal leakage. In order to 
combat the infection, the root canal has to be renegotiated 
using either an orthograde (non-surgical retreatment) or 
a retrograde (surgical retreatment) route of entry. It is 
the aim of this chapter to review non-surgical retreat- 
ment procedures. 

In terms of treatment objectives there are no differ- 
ences between the primary treatment of the infected root 
canal system and a retreatment, i.e. microorganisms 
should be eliminated and the space hermetically sealed 
with a biocompatible filling material. However, retreat- 
ment cases are often technically complicated and require 
high-level skills of the dentist. Because endodontically 
treated teeth are frequently prosthodontically restored, 
canals regularly have to be re-entered through crowns. 
The canals might be obstructed by posts, insoluble filling 
materials or separated instruments. Furthermore, during 
the previous treatment a variety of procedural errors 
such as canal blockage, ledging, apical transportation 
and root perforation may have occurred. 



Indications 

Clinical outcome studies have failed to show any system- 
atic difference between a surgical and non-surgical 
approach to retreatment (1, 17). Consequently the selec- 
tion of retreatment procedures primarily has to be based 
on case-specific factors such as the technical quality of 
the root filling and the personal evaluation of risks and 
monetary costs. 

The typical indication for non-surgical retreatment is a 
case classified as a "failure" in which the canals are poorly 
sealed. As soon as it is possible to improve on the quality 
of the previous instrumentation and filling, the non- 



surgical approach should be considered as the primary 
choice. However, an orthograde route may be contra- 
indicated subjectively if the patient regards the costs or 
risks of the procedures to be unacceptably high. The 
monetary costs will increase if crowns, bridges and posts 
have to be removed and later replaced. In certain situa- 
tions access openings through the crowns of abutment 
teeth and removal of posts might increase the risk of 
bridges loosening and roots fracturing. 

Non-surgical retreatment might also be indicated for 
preventive reasons. In conjunction with the placement 
of new crowns or posts, the root filling seal inevitably 
will be challenged by oral microorganisms. A poor fill 
might not resist such provocation and thus allow micro- 
organisms to invade the root canal. Therefore the 
replacement of defective root fillings should always be 
considered when new prosthodontic restorations are to 
be carried out. 

Core concept 20.1 summarizes the critical steps in non- 
surgical retreatment, and these are discussed in more 
detail below. 



Access to the root canal 

Because defective restorations might allow oral micro- 
organisms to invade the root canal system, amalgam and 
composite fillings frequently have to be removed com- 
pletely prior to retreatment. Sometimes crowns and 
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Core concept 20.1 



Critical steps in non-surgical 
retreatment 
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Access to the root canal: 

- access opening through crowns 

- removal of crowns, bridges, posts 
Access to the apical area: 

- removal of root filling material 

- removal of separated instruments 
Reshaping the root canal 
Antimicrobial treatment 
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bridges have to be disassembled. Dismantling enables 
the clinician to assess the actual axis of the tooth and the 
remaining coronal structure, excavate recurrent or 
hidden caries and look for cracks, missed or additional 
canals. The decision to retain a restoration may be taken 
only when the latter is well fitting and fulfills esthetic, 
functional and periodontal requirements, and if the 
access preparation will not seriously damage it. In the 
case of an access cavity via a metallic restoration, care 
should be taken to make the occlusal outline wide 
enough at the start to allow for controlled manipulation 
of the endodontic instruments without interfering with 
or scraping the cavity walls. Metal chips may be shaved 
off the walls and forced into the canal to create irrevers- 
ible blockage, especially in mandibular teeth. Owing to 
their own weight, the shavings will not stay in suspen- 
sion in the irrigating solution (Fig. 20.1). 

Removing crowns and bridges 

Disassembling involves the use of a transmetal bur 
(Clinical procedure 20.1) to cut off the crown while pre- 
serving at best the underlying tooth structure, instead of 
using " tapping off" techniques with crown removers in 
order to break the luting cement (Advanced concept 
20.1). The latter techniques are too aggressive and dan- 
gerous for the tooth structure. They are unpleasant and 
painful for the patient and a crown or tooth fracture may 
often ensue. 






Clinical procedure 20.1 Crown removal technique 



(1) With a transmetal bur, a slot is made on the buccal aspect of the 
crown to reach the tooth structure, starting at the gingival margin 
and stopping in the middle of the occlusal surface. 

(2) An ultrasonic insert is then worked to disaggregate the cement 
bond and help the placement of an elevator to force apart the 
crown and then dislodge it. The procedure is safe, expedient and, 
if needed, the crown can be relined to be reused as a temporary 
one. For bridges, the abutments are separated and individually 
removed. 





Fig. 20.1 (a) Access cavity was pre- 
pared through an amalgam filling. During 
instrumentation of the root canal (b) 
amalgam shavings were packed apically 
(c). (d) A 2-year follow-up radiograph 
indicates periapical healing. 
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Advanced concept 20.1 Alternative crown removal techniques 



The WAM Key technique is a safe and efficient way to remove both 
metallic and porcelain crowns. Step one: create a horizontal slot with 
a transmetal bur on the buccal aspect of the crown. If the crown is 
covered with porcelain a round diamond bur is used to perforate the 
porcelain. To protect the porcelain margins during crown removal 
the preparation should be tapered (a). Step two: inside the slot a 
transmetal bur is used to perforate the metal and create a trench. 
Step three: insert the WAM Key in the slot and gently rotate it to ele- 
vate the crown along its own axis (b, c). 

The Metalift Crown Removal System is recommended to gently 
remove individual crowns because the procedure is simple and highly 
efficient with minimal damage to the prosthetic crown (a tiny hole is 
created on the occlusal surface) and tooth structure. A self-tapping 
instrument threads the metal on the occlusal surface, pushes against 
the dentin, breaks the cement layer and results in a loosening and 
lifting of the restoration. 



Coronaflex forceps may be used when maintenance of the crown 
integrity is mandatory. The forceps are placed at the margins of the 
crown, then the Coronaflex handpiece is positioned against the for- 
ceps arch to ensure an axial pulling direction, and several impulses 
are delivered to lift off the crown. 

To remove permanently or temporarily cemented bridges without 
any damage, the parachute technique should always be used in con- 
junction with air-driven pneumatic crown removers such as the Kavo 
Coronaflex or the Easy Pneumatic Crown and Bridge Remover from 
Dentco. The technique allows the removal of bridges in an axial pull- 
ing direction. The parachute technique uses metallic wires placed 
through two or more embrasures of the bridge in order to create 
loops acting as a rest for a metal rod. The pneumatic handpiece 
delivers a lot of energy via a curved insert, in an axial pulling direc- 
tion, that breaks the cement bond. 




338 The Root Filled Tooth 



Removing cores and posts 

Composite and amalgam cores are easily removed with a 
high-speed handpiece bur. When a post is present, care 
must be taken not to damage the protruding head in 
the pulp chamber. In the case of a composite core, the 
difference in color between the metallic post and the fill- 
ing material acts as a guide and makes the procedure 
easy. Amalgam cores should be drilled in a concentric 
fashion, starting from the outline of the cavity and mov- 
ing closer and closer to the post. In both cases, with good 
illumination and magnification, an ultrasonic tip placed 
in a piezoelectric ultrasonic unit is well suited to remove 
residual pieces of restorative material from around the 
post and the pulp chamber floor. 

To remove a cast post and core in one piece from a 
single-rooted supporting tooth, the "parachute" tech- 
nique works well (Fig. 20.2). First the metallic core has to 
be pierced right through with a transmetal bur. A metal- 
lic wire is then passed through the hole and tied with a 
knot to create a loop, acting as a rest for the Coronaflex or 
the Pneumatic Crown Remover (see Advanced concept 
20.1). Depending upon the number of posts present, cast 
cores should be separated into two or more pieces with 



transmetal burs to isolate each post. Utmost care is need- 
ed when reaching the pulp chamber floor, especially in 
the case of a very hard core such as those fabricated of 
NiCr. In many instances, the huge amount of vibration 
delivered during the drilling of the core, coupled with 
the use of ultrasonics, is sufficient to loosen the post. 

When considering post removal it is essential to make 
a careful assessment of the root anatomy and the type, 
length and width of the post (Fig. 20.3). Screw posts or 
threaded posts should usually be unscrewed after suffi- 
cient ultrasonic vibration with a piezoelectric unit. A 
lOmin session of ultrasonics is considered to be the mini- 
mum amount of time needed to expect efficacy. 

Passive conical or parallel posts along with cast posts are 
good indications for using a post-removal system. Either 
the Gonon or the Ruddle Post Removal System may be 
used. Both devices are safe, efficient and predictable. 
Their use is similar and based on the principle of a cork- 
screw: one force is applied on the tooth structure, provid- 
ing the fulcrum, while the pulling force is placed on the 
post (21). 

When a post is broken deep inside the canal, the 
Masserann kit should be the preferred post-removal 
device because it is more conservative for the root struc- 




Fig. 20.2 The "parachute" technique may be used to remove a cast post 
and core in one piece. 
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ture. Alternately, the post may be troughed with one of 
the suborifice ultrasonic tips in a dry operating field. 
While grooving around the post, the ultrasonic energy 
will vibrate the post and loosen it. The surgical micro- 
scope (7), which provides coaxial light and magnification, 
has made these procedures easier and allows them to be 
conducted in a controlled manner (see Chapter 10). 

After post removal, some residual luting cement may 
have been left in the canal beyond the apical tip of the 
post. This can be removed easily with the use of a sub- 
orifice tip or an ultrasonic file. 



Access to the apical area 

Before attempting to reach the apical portion of the canal, 
the material that obstructs the space has to be removed. 
In order to avoid the risk of definitive canal blockage or 
pushing and extruding debris into the periapical tissues, 
a pronounced crown-down instrumentation procedure 
should be used (see Chapter 11). As a complicating fac- 
tor, root canal instruments might have fractured and 
been left in the canal; in a retreatment situation they 
have to be removed or at least passed. 



Removing gutta-percha 

Gutta-percha is quite easy to remove but an organic 
solvent is often a necessary adjunct, especially in the case 
of densely filled or curved canals. Chloroform is the best 
solvent for gutta-percha but great concern exists as to its 
potential carcinogenicity and mutagenicity. McDonald 
and Vire (22) reported that there were no negative health 
effects to the dentist or assistant and air vapor levels 
were well below mandated maximum levels when 
chloroform was used in common endodontic treatment 
procedures. The report concluded that with careful and 
controlled use, chloroform can be a useful adjunct in the 
practice of dentistry. Several alternatives to chloroform 
have been suggested, such as eucalyptol, methyl chloro- 
form, halothane and rectified white turpentine, but all 
solvents are toxic and, whenever possible, retreatment 
should be carried out without using solvents (2). 

When gutta-percha-filled canals demonstrate some 
degree of taper, a rotary nickel-titanium instrument is 
used at 1200 rpm. This will generate sufficient heat to 
soften the gutta-percha, which is evacuated in a coronal 
direction owing to the fluted design of the instrument 
(5). Care should be taken to use a light pecking motion 




Fig. 20.3 Radiographs showing (a) screwposts, (b) cast posts, (c) Para post and (d) carbon-fiber post (distal canal in first molar). 
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with the instrument and always visualize the presence of 
the filling materials on the apical flutes. If resistance to 
progression is felt, go to hand H-files and proceed as 
described in Clinical procedure 20.2. 

When a canal is small and curved it is safer to use chlo- 
roform to avoid creating a ledge or a perforation. The 
coronal portion of gutta-percha is removed with either a 
hot heat carrier or plugger or by using an appropriate 
sized Gates-Glidden drill or an orifice shaper (or similar) 
at 1200 rpm. Using a glass syringe, two or three drops of 
chloroform are introduced into the newly created reser- 
voir inside the root canal. The softened gutta-percha 
then can be removed with Hedstrom files in an apical 
direction. 

The "wicking technique' 7 - flushing the canal with 
solvent followed by drying it with paper points - helps 
to remove any residual gutta-percha and sealer and gives 
the irrigation solution access to the canal walls during 
subsequent cleaning and shaping procedures (28) (see 
Advanced concept 20.2). 

Removal of sealers, cements and pastes 

It is critical that any residual sealer is eliminated from the 
canal walls because bacteria may be harbored in the 
interface (40). Moreover, successful removal will allow 
irrigation of the contaminated walls during the canal re- 
instrumentation (10). This step in the retreatment proce- 
dure is difficult and is often overlooked. 



Removing silver cones 

Silver cones were introduced in endodontics by Jasper 
(15) 75 years ago to simplify the obturation of curved and 
narrow canals. Their widespread use has led to numer- 
ous endodontic failures. Often canals with silver cones 
are underprepared and, with a defective seal, coronal 



Clinical procedure 20.2 Removing soluble pastes 



- 



(1) The four-wall access cavity is flooded with the solvent and an 
explorer firmly probes the canal orifice, brings the solvent in con- 
tact with the paste and starts the first penetration. 

(2) Select a 21 mm Hedstrom file whose size is adapted to the canal 
width. The H-file has a sharp tip and aggressive flutes on pulling, 
so the filling material can be removed laterally as the instrument 
penetrates into the paste. The material is removed in a coronal- 
apical direction, using smaller files as the apical portion of the 
canal is reached. Irrigate copiously with NaOCI to flush out debris 
and renew the solvent. 

(3) It must be anticipated that a ledge is present at the terminus of 
the previous obturation. Therefore, if an obstruction or blockage 
is felt, the penetration should be stopped, a radiograph taken 
and specific measures implemented (see later). 



Advanced concept 20.2 Removing Thermafil 

plastic carriers and paste 
fills 



' 



The Thermafil obturators were introduced about 10 years ago. First 
marketed with metallic carriers, they were later modified and plastic 
replaced the metal. Currently, the obturators are available with a 
special grooved plastic carrier designed to make retreatment easier. 

Plastic carriers are easily removed initially using, for example, a D2 
or D3 ProTaper rotary file placed at the groove location and rotated 
at 700 rpm with light pressure. The frictional heat melts the gutta- 
percha, which allows the instrument to advance apically. Owing to 
the greater taper, the instrument will bind between the plastic carrier 
and the dentin and exert an extracting force. In large canals the carrier 
is usually retrieved in one piece. As a last resort, an H-file can be used 
to engage the softened plastic carrier and lift it out (14). Once the 
carrier is removed, the wicking technique must be used to eliminate 
any residual gutta-percha before re-instrumentation. 

In paste-filled teeth, generally some paste is present in the pulp 
chamber. During the access cavity preparation, the clinician has to 
clean out the pulp chamber floor with an ultrasonic tip and the 
amount of time taken indicates the type of paste that has been used. 
Most of the time it is a zinc oxide-eugenol paste that is removed 
easily. To dissolve the paste inside the root canals, a solvent must be 
used (Clinical procedure 20.2). Tetrachloroethylene is recommended 
but xylene, orange solvent, eucalyptol or eugenol is also efficient. A 
zinc oxide-eugenol paste that is easily dissolved with these solvents 
is N2. 

For several pastes (epoxy resins, bakelites, glass ionomers, zinc 
phosphates) no efficient solvents are available (8). Currently, the best 
method is to use a piezoelectric ultrasonic unit with an ultrasonic tip. 
If the procedure can be monitored permanently under the surgical 
microscope, it can be more predictable. Of course, only straight parts 
of root canals can be managed in this way, but fortunately the dens- 
est portion of the paste is usually the coronal one and the apical 
portion is often not set. 



and apical leakage will bring about metallic corrosion. 
Today, silver cones are considered outdated. 

Various techniques have been described to retrieve 
silver cones (20) (Clinical procedure 20.3), but their 
removal depends mainly on two factors: being able to 
grab them; and the canal morphology, i.e. whether it is 
possible to bypass them with a K-file (33). 

Removing broken instruments 

It is not uncommon to find broken instruments left inside 
the root canal system. An instrument usually fractures 
when an overaggressive manipulation has tightly locked 
its tip in the root dentin. One should realize that the bro- 
ken instrument itself is not a direct cause of treatment 
failure but rather an indirect one, because it may have 
prevented cleaning, shaping and filling of the apical por- 
tion of the root canal. Therefore, the therapeutic goal is 
either to retrieve the fractured instrument or to bypass it 
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Clinical procedure 20.3 Removing silver cones 



(1) A preoperative radiograph gives information about length and 
fitting of the cone, and whether the coronal head is protruding 
into the pulp chamber. If there is a crown, a second radiograph 
must be taken after crown removal. 

(2) The restorative material is carefully eliminated from the pulp 
chamber with an ultrasonic tip, being careful not to damage the 
fragile silver cone end. At this stage, no attempt should be made 
to pull out the cone, unless it is very loose. 

(3) Flood the access cavity with Endosolv E and try to bypass the 
cone with a no. 08 or 1 K-file to dissolve and break up the sealer 
around the cone. Then enlarge this pathway to allow the place- 
ment of a no. 15 K-file. 

(4) Work a no. 15 or larger ultrasonic file alongside the cone with a 
short amplitude and in-and-out movements under copious water 
irrigation to float out the cone. If unsuccessful, then: 

(5) Grasp the coronal end of the cone with a modified Stieglitz 
forceps, whose beaks have been made thinner, and use the tooth 
structure as a fulcrum to pull out the cone. If resistance is felt, 
indirect ultrasonics is applied on the beaks of the pliers close to 
the cone, to help dislodge it. 




Clinical procedure 20.4 



Removing stainless steel 
instruments 



(1 ) If the fragment can be bypassed, use the technique described for 
floating out silver cones. If unsuccessful, do not persist and pro- 
ceed to cleaning and shaping. Often, the fragment is eliminated 
during these procedures, but if not it will be entombed in the fill- 
ing material. 

(2) If the instrument cannot be bypassed, get a straight radicular 
access to it. This is done using a sequence of K-files from no. 10 
to no. 35, followed by an ascending sequence of Gates-Glidden 
drills from no. 1 to no. 4, taking care not to damage the root 
structure. In curved canals, this step provides a relocation of the 
canal orifice. 

(3) At this stage the instrument can be seen in the microscope. A 
staging platform is created to gain better lateral access to the 
fragment (28). This can be done with a no. 3 Gates-Glidden drill 
in which the working head has been cut at the largest cross- 
sectional diameter. Depending upon the depth of its location in 
the canal, select an appropriate ultrasonic suborifice tip to make 
a trench around it. Under vision control and with a permanent 
light stream of air given by the Stropko syringe, rotate the tip 
anticlockwise against the coronal end of the fragment to vibrate 
it, unwind it and then lift it out. 






Clinical procedure 20.5 



Removing fractured rotary 
NiTi instruments 



Nickel-titanium alloys are brittle, so using ultrasonics may break the 
instrument if it is tightly locked. Therefore the "tube technique" is 
indicated in this situation. Radicular access is gained and a staging 
platform is created as described in Clinical procedure 20.4. Then a 
blunt needle slightly larger than the instrument is selected and 
mounted on a Centrix syringe. After the canal has been dried with 
pure alcohol and the Stropko, 1 ml of Core-Paste is loaded in the 
syringe and a small excess of material is extruded from the needle. 
The needle is removed from the syringe and wiped clean. The loaded 
needle is placed over the fractured instrument and the material is 
allowed to set for 5min. The instrument is removed with a counter- 
clockwise twist. The Cancelier tubes in combination with super glue 
and its monomer accelerator may also be used. When the fragment is 
short (1 or 2 mm) it can be completely or partially disintegrated. In the 
latter situation the short fragment may then be bypassed. 



in order to get access to the uncleaned portion of the 
canal (Core concept 20.2 and Clinical procedures 20.4 
and 20.5). 

New technological advances such as surgical micro- 
scopes, powerful piezoelectric ultrasonic units and refined 
ultrasonic instruments have significantly increased the 
possibilities for retrieval of separated instruments. Using 
this novel approach Suter et ah (36) succeeded in retriev- 
ing 84 of 97 instruments fractured in the root canal. As a 
rule, any broken instrument even partially located in the 
straight portion of the canal that can be visualized in the 
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Core concept 20.2 Clinical strategies in canals with fractured instruments 

(1) Try to remove the fragment as described in Clinical procedure 20.4 or 20.5. 




(2) If removal is not successful, attempt to 
bypass the instrument and incorporate it in 
the subsequent root filling. 




(3) If the instrument cannot be bypassed, clean the canal up to the fragment and seal the space. Observe the case for a period of time before apical 
surgery is conducted. 





microscope should be removed. However, if the frag- 
ment is close to the foramen or protrudes beyond it, sur- 
gical endodontics is indicated. 

Instrumentation of the root canal 

Reshaping the root canal 

Reshaping the root canal system may be done by hand 
or by rotary instrumentation. In any case, the crown- 
down and patency concepts should be used to allow 
passive apical progression of the endodontic instruments 
working in a progressively deeper intracanal reservoir of 
sodium hypochlorite. The constant use of the patency 
file will move the irrigating solution into the restricted 
apical area to clean it. The apical preparation is done last, 
keeping in mind that a sufficiently deep shape should be 
produced to enable copious renewal of irrigation during 
final flushing and to pack the canal three-dimensionally. 



If Ni-Ti rotary instrumentation is elected, a smooth path 
guide to the canal terminus must be obtained beforehand 
for safe shaping of the root canal. 

One should be aware that the requested reshaping of 
an already instrumented canal might create an overen- 
largement of the root canal space (41), therefore the dan- 
ger zones of the root anatomy should have been assessed 
thoroughly before starting the retreatment. Avoiding 
canal deviation during reinstrumentation should be a 
permanent concern (27). 

Apical obstructions 

When canals have been underfilled, obstructive calcifica- 
tions might be found in the apical unfilled portion. After 
coronal pre-enlargement and relocation of the canal 
orifice with Gates-Glidden drills, the coronal portion of 
the canal is copiously rinsed with sodium hypochlorite 
and then thoroughly dried with paper points and the 
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Stropko syringe (see Fig. 10.8, Chapter 10). At this stage, 
and if possible, the intracanal anatomy should be 
inspected carefully under the microscope to get informa- 
tion about the obstruction. Then, a small-size precurved 
K-file in association with a lubricating gel is worked with 
a slight pecking motion to try to find a catch. As long as a 
catch is felt at the tip of the K-file, apical progression 
should be continued and checked periodically with a 
radiograph until the canal terminus is reached (Fig. 20.4). 




Ledges 

Often a ledge has been formed at the end of the previous 
filling of the canal. Most of the time a ledge is the result 
of an inadequate angle of access to the root canal and 
goes hand in hand with canal blockage. Preflaring the 
coronal portion of the canal with K-files and relocating 
the canal orifice with Gates-Glidden drills are prelimi- 
nary steps to bypassing a ledge (Clinical procedure 20.6) 
and recovering patency. 

If the ledge is located in the apical portion of the canal, 
the fitting of the gutta-percha cone may be frustrating 
and repeatedly unsuccessful. Once the canal has been 
negotiated with a no. 20 SS K-file, select a 0.06 GT hand 
file. Prebend the tip of the instrument to get a permanent 



Clinical procedure 20.6 Bypassing a ledge 



Fig. 20.4 Retreatment of a lower molar with apical periodontitis, 
(a) Originally the mesial root canals were not negotiated due to obstructive 
calcifications, (b) The canals were found, instrumented and filled, (c) Radiograph 
1 year postoperatively. 



(1) Flood the canal with RC Prep or a similar product such as File-Eze 
or Glyde. 

(2) Select a no. 10 SS K-file, place a sharp 1mm curvature at the tip 
and orientate the directional stop toward the file tip. 

(3) Insert the file in the canal with the tip directed toward the canal 
curvature. 

(4) Pick gently with very short strokes, searching for a catch. This 
procedure will move the irrigant and help to disintegrate the 
dentin mud. If unsuccessful, rebend the file tip and repeat the 
same procedure while slightly reorientating the tip. 

(5) When a catch is felt, slightly wiggle the file back and forth while 
maintaining a light apical pressure. 

When the block is bypassed, move the file in an up-and-down 
motion to smooth the ledge. After obtaining a good glide path, 
copious irrigation with sodium hypochlorite should replace the 
lubricating gel. 



(6) 
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deformation. Insert the tip file beyond the ledge and 
move the GT file to length with the balanced force tech- 
nique. Repeat the procedure with a 0.08 GT file. Owing 
to the greater taper of these files, the ledge is quickly 
smoothed and a perfect deep shape is obtained. 

Missed canals 

Sometimes missed canals can be seen overtly in well- 
positioned radiographs but often they must just be sus- 
pected, e.g. when a tooth is reacting to thermal stimuli or 
is sore after an apparently adequate treatment (37). 

After the main canals have been completely cleaned 
and shaped, the pulp chamber floor should be examined 
thoroughly. At this stage in the treatment this area is well 
cleaned by the irrigating solution. A careful inspection of 
the floor anatomy is made under high magnification and 
with good illumination. Shifts in dentin color and ana- 
tomical grooves may lead to the orifice of an additional 
canal. An ultrasonic tip might be used on the pulpal floor 
to uncover hidden orifices and calcified canals. The MB2 
orifice is usually located on the groove stretching from 
the MB1 to the palatal canal orifice. Flooding the pulp 
chamber with NaOCl may be helpful to locate a hidden 
canal. When the solution reacts with the underlying 
pulpal tissue in the hidden canal tiny bubbles are 
released. 

Perforation repair 

Furcal or root perforations might occur during root canal 
therapy, post space preparation or as a result of the 
extension of an internal resorptive defect. According to 
Ruddle (28), the four dimensions of a perforation that 
have to be analyzed are its level, location, size and the time 
that has elapsed since its occurrence. 

At a coronal level the inflammatory process that 
evolves as a response to the perforation might communi- 
cate with the gingival pocket and establish a periodontal 
defect. It is therefore favorable to seal the perforation site 
at an early stage before any major bone resorption has 
taken place. A wide perforation will be more difficult 
to seal than a small one. The sites are mostly elliptical 
because an instrument usually perforates the canal wall 
at an oblique angle. Non-surgical repair is less affected 
by the location of the perforation than a surgical approach 
to treatment, which can be impossible in certain areas of 
the root. 

Through the years numerous techniques and materi- 
als to repair perforations have been described. In this 
chapter two techniques are described (see Clinical proce- 
dures 20.7 and 20.8): the one- visit internal matrix tech- 
nique using absorbable bovine collagen (Collacote) (18); 
and the two-visit technique using mineral trioxide aggre- 
gate (MTA) (38). 






Clinical procedure 20.7 



Perforation repair: the 
internal matrix technique 



(1) After cleaning the perforation walls with 0.5% NaOCl, the work- 
ing length is established using an apex locator and several paper 
points. The consistently wet portion of the paper point indicates 
the level of the perforation. 

(2) Small pieces of Collacote are cut and sequentially packed with a 
prefitted plugger through the perforation site and into the bony 
lesion until a solid barrier is established at the borderline of the 
root defect. 

(3) The perforation site is copiously rinsed with 2.5% NaOCl and 
then dried. Finally, the defect is covered with a restorative 
material such as glass ionomer or a composite. 



/* 



Clinical procedure 20.8 Perforation repair: the 
MTA technique 
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First visit 

(1) After cleaning the perforation site with 0.5% NaOCl, the working 
length is established using an apex locator and several paper 
points. The consistently wet portion of the paper points indicates 
the level of the perforation. 

(2) The MTA is mixed with distilled water to a thick cement consis- 
tency. When a granulation tissue is present and can be visualized 
under the microscope, an aliquot of MTA is delivered (for example 
with the MTA gun) at the perforation orifice level. The material is 
gently packed with a big paper point. A second aliquot is deliv- 
ered to provide a denser material and packed with a plugger. The 
material excess is removed with an explorer and is smoothed and 
covered with a wet cotton pellet. The access cavity is filled with a 
temporary filling and the patient is dismissed. 

Second visit: 48 hours later 

(1) After removal of the Cavit and the cotton pellet, the MTA hard- 
ness is probed with a sharp explorer. If found to be hard: 

(2) The definitive obturation is made with the same restorative 
materials as used with the matrix technique. 



^. 



Antimicrobial treatment 

Microbiota of the root filled tooth 

Compared with the microbiota of non-treated pulps, little 
is known about the flora associated with failed root canal 
treatments. In canals where major portions have been 
left unnegotiated, it is reasonable to assume that the flora 
is similar to that of the necrotic pulp (34). Consequently, 
in such cases the procedures recommended for primary 
treatment should be applied also in retreatment cases. 
However, when canals have been instrumented in their 
main parts, a strikingly different composition of the 
recovered microflora has been found (9, 23, 24, 26, 34). 

Instead of polymicrobial microbiota, often only one 
or two strains are detected in failed cases. The micro- 
organisms are predominantly Gram-positive with a slight 
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dominance of facultative over obligate anaerobes (Core 
concept 20.3). Enterococcus faecalis is rarely found in pri- 
mary samples of the necrotic pulp but has been recov- 
ered frequently in filled canals. Among culture-positive 
teeth, E. faecalis was found in 24% by Engstrom (9), in 
47% by Molander et al. (23) and in 71% by Peciuliene et al. 
(26). Attention also has been attracted to such species as 
Actinomyces (12, 32, 35), Candida (30, 39) and enteric rods 
(11, 16, 19). 

It must be observed that sampling of root filled canals 
is fraught with difficulties. Initially it has to be preceded 
by removal of the sealing material. This physical activity 
might influence the anaerobes more negatively because 
they are generally more vulnerable. Yet, the composition 
of the described flora is as would be expected, i.e. more 
robust and treatment-resistant microorganisms may 
remain after completion of root canal therapy. The intra- 
canal antimicrobial treatment acts as a selection proce- 
dure, favoring a certain type of microbiota either resistant 
to applied antimicrobial measures or able to survive in 
such a restricted nutritional habitat. 

Antimicrobial retreatment strategies 

When treating the non-vital pulp, calcium hydroxide 
often is recommended as the routine interappointment 
dressing (Chapter 9). Few organisms will survive when 
directly exposed to calcium hydroxide, but several 
factors may impair its antimicrobial potency in the root 
canal. Complex anatomy will make it difficult to pack the 
whole canal system satisfactorily with paste (31). Also, 
calcium hydroxide lacks the potential to reach microbes 
colonizing the dentinal tubules (25). Furthermore, some 
species such as enterococci (6, 29) and yeasts (39) may 
resist high pH levels and thus show low sensitivity to 
calcium hydroxide. Therefore, in a retreatment situation 
other medicaments are likely to have greater antimicro- 
bial potentials. 

A standardized retreatment strategy (Clinical procedure 
20.9) must include measures to combat a potential 
E. faecalis infection. It has been observed that enterococci 
are sensitive to iodine compounds. Safavi et al. (29) 
infected dentinal tubules of human teeth with E. faecalis 
and treated the canals with 2% iodine potassium iodide 
(IPI). A lOmin period of medicament-dentin contact was 
sufficient to prevent growth. The presence of a smear 
layer on the canal walls may delay the intratubular anti- 
bacterial activity of a medicament (25), therefore in a 
clinical situation the application of IPI should be preceded 
by a procedure to remove the smear layer. Owing to its 
vaporization, IPI has a long-distance bactericidal effect. 
However, its duration in the root canal has been shown 
to be very short (9, 24) and therefore it should not be left 
as an interappointment dressing. Instead, IPI in a mix 
with calcium hydroxide paste has been proposed (23). 






Core concept 20.3 Features of the microbiota of 
the "failed" root canal 



Few strains (one or two) 
Gram-positive microorganisms predominate 
Dominance of facultatives over anaerobes 
E. faecalis frequently found 



Clinical procedure 20.9 Standardized antimicrobial 
retreatment strategy 



L 



(1) Remove smear layer with citric acid or EDTA. 

(2) Fill the root canal with 5% iodine potassium iodide or Churchill's 
solution for 10-1 5 min. Churchill's solution consists of iodine 
(16.5g), potassium iodide (3.5 g), distilled water (20 g) and 90% 
ethanol(60g). 

(3) Prepare a mix of calcium hydroxide paste and the iodine com- 
pound used. Fill up the canal by means of a lentulo spiral. 

(4) Make a recall appointment 1-2 weeks later. Repeat steps (1) and 
(2) and obturate the canal. 



There are several reasons (microbial and non-microbial) 
why an endodontic treatment fails and a standardized 
retreatment protocol will not consider these various 
reasons. As an alternative, individualized monitoring of 
retreatment cases might be designed based on intracanal 
microbiological sampling (Advanced concept 20.3). 



Advanced concept 20.3 Individualized strategy 
based on microbiological 
sampling 



The microbiological situation will vary between cases and "individu- 
al" monitoring might be tried as an alternative to the standardized 
retreatment strategy. Such a strategy must be based on a micro- 
biological diagnosis. After removal of the root filling (preferably with- 
out the use of chloroform) the canal is explored and an "initial" 
sample is obtained. When interpreting the test results, cases are 
assigned to one of four categories: 

(1) "Specific microorganisms". The test results show the presence of 
enterococci, enteric rods, Actinomyces or Candida. Specific 
retreatment strategies are needed. 

(2) "Typical residual flora". No "specific" microorganisms are isolat- 
ed, but the flora are what otherwise might be expected to persist 
in root canals. 

(3) "Atypical microflora". Microorganisms not expected in a "typi- 
cal" retreatment case, e.g. a large number of species and bacterial 
cells with a mixture of anaerobes and facultatives. Such a test 
result indicates leakage due to loosening bridgework or a vertical 
root fracture, for example. 

(4) No microorganisms detected. The cause of failure might be non- 
microbial (for example a persisting radicular cyst) or due to 
microorganisms not located within the root canal. Consider surgi- 
cal retreatment. 



V_ 
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Preventive retreatment 



References 



Intracanal microorganisms have been recovered in root 
filled teeth without apical periodontitis (9, 23). However, 
the lack of a visible periapical radiolucency does not 
necessarily imply the absence of periapical pathosis. 
Attention must be paid to the possibility of periapical 
healing, although microbes survive in the root canal. 
Consequently, when a canal is retreated on a preventive 
indication, the case should be regarded as potentially 
infected. Also, patency filing through the foramen 
should be avoided. As long as there is no pathway to the 
periapex, a periapical tissue response will not develop. If 
an avenue is opened up, nutritional supply will increase 
and an inflammatory lesion may be induced. Supportive 
clinical data have been presented showing that the 
development of periapical radiolucencies after retreat- 
ment is significantly associated with overinstrumenta- 
tion and overfilling of the root canal (3). Bergenholtz et 
al. (4) diagnosed postoperative periapical radiolucencies 
in 3% of cases where the root fillings ended short of the 
apex, and in 18% when canals were overinstrumented 
and overfilled. 



Prognosis 

Data on the outcome of non-surgical retreatment are 
most often available as part of general endodontic follow- 
up studies (for a review, see Ref. 13). Reported success 
rates in these investigations vary between 56% and 88%. 
The issue has been addressed specifically only by a few 
authors. After 2 years of observation, Bergenholtz et al. 
(3) found, in a prospective study, complete resolution of 
apical radiolucencies in 48% of 234 retreated roots. 
Decreased size of the radiolucency was observed in a 
further 30% . After a follow-up period of 5 years, Sundqvist 
et al. (34) reported complete healing in 74% of 54 retreated 
teeth. In this study microbiological samples were 
obtained at the time of root filling and only in two of six 
"positive" cases did healing take place (33%). Three of 
the "failed" canals did contain E. faecalis and in one canal 
Actinomyces israelii was recovered. The samples were 
"negative" in 44 cases and 35 of these showed radio- 
graphic signs of healing (80%). 

Based on the available data, the prognosis of retreat- 
ment seems not to be as good as that of initial treatment. 
However, three out of four cases retreated non-surgically 
might be expected to heal. When retreatment is conduct- 
ed for preventive reasons, and procedures are kept 
within the canal, failure might be anticipated in very few 
cases. 
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Chapter 21 

Surgical endodontics 



Peter Velvart 



Introduction 

Microorganisms lodging in root filled canals may cause 
endodontic treatment failure. In order to eradicate the 
microbes in such cases, the root canal system has to be 
renegotiated and retreated. If the canals are poorly filled 
and fairly easy to access, an orthograde route of re-entry 
is generally to be preferred (Chapter 20). However, in 
many cases non-surgical retreatment may not be feasible 
from technical as well as financial aspects. Furthermore, 
an endodontic treatment failure might be caused by 
factors located outside the root canal, such as micro- 
organisms colonizing the periapical tissues, cysts and 
foreign body reactions (Chapter 7). In such cases a 
surgical approach to retreatment may be considered 
(Fig. 21.1). 

Although extensively debated over the years, there is 
little evidence to suggest that cysts are unable to heal 
following conventional endodontic therapy. Nair (42) 



has drawn attention to the fact that some radicular cyst 
cavities do not connect directly with the root canal space. 
These so-called true radicular cysts are therefore thought 
to be autonomous processes and not likely to respond 
to conventional therapy. From a clinical point of view, 
however, there are no means by which the existence 
of such a pathological condition can be determined. 
Consequently, all radiolucent lesions associated with 
non-vital pulps, whether cyst or not, should be seen as 
treatable by conventional means and be subjected to 
surgery only if healing by orthograde root canal treat- 
ment cannot be attained. 

In surgical endodontics the procedural objectives are 
to expose the root tip and the periapical tissues with the 
treatment aim to restrain a potential intracanal infection 
(usually the root tip is cut and the apical part of the canal 
is instrumented and sealed). Core concept 21.1 summa- 
rizes the typical indications for surgical retreatment. 




Fig. 21.1 (a) Clinical photograph showing access 
to the root tips of a lower first molar in an endodontic 
surgical procedure, at which a root tip resection was 
carried out. (b) High-power magnification of the 
resected surface showing the buccal and lingual 
canal with gutta-percha and isthmus between the 
canals. 
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Core concept 21.1 Typical indications for surgical retreatment 



Blocked root canal in an esthetically satisfactory post-supported 
crown restoration with a good marginal adaptation that could not be 
removed. The top-right radiograph was taken immediately postoper- 
atively and the bottom radiograph, taken after 1 year of follow-up, 
shows apical healing. 




Apical root canals blocked by ledge. 




Grossly overinstrumented and overfilled canal. 




Failed treatment in spite of adequate root filling. Persistence of a 
fistula. 



T 




General outline of the procedure (Core 
concept 21.2) 

Following local anesthesia (step 1) a mucoperiosteal flap 
is raised (step 2). If the periapical tissue response has not 
perforated the cortical bone plate, bone has to be removed 
(step 3) to provide access to the root tip. The soft-tissue 
lesion is then curetted (step 4) and the root tip is cut (step 
5). A root-end preparation is made (step 6) and a filling 
(retrofill) is placed (step 7). The surgical procedure is fin- 
ished with meticulous cleaning of the wound area and 
repositioning and suturing of the flap (step 8). 



Local anesthesia 

Proper pain control is required to perform surgical end- 
odontics. Normally the procedure can be conducted 
under local anesthesia. 



Choice of anesthetic agent 

Anesthetic agents are most effective in a non-ionized 
form within a pH range near 7.4. In this state the drug can 
easily penetrate the nerve membranes and displace the 
calcium ions at the membrane receptor sites. The sodium 
channels are then blocked and upon nerve stimulation 
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Core concept 21.2 Critical steps in surgical endodontics 





(1) Local anesthesia 



(2) Raising a flap 





(5) Root-end resection 



(6) Root-end preparation 





(3) Bone removal 



(4) Soft-tissue lesion 
curettage 





(7) Retrofill 



(8) Suturing 



the membrane will remain in a polarized state. In acutely 
inflamed tissue the pH is lowered. In such an environ- 
ment the anesthetic may remain in ionized form. The 
result can be lesser penetration of the drug, leading to 
inadequate anesthesia. This is one possible explanation 
for the deficient pain control sometimes experienced 
when operating on acutely inflamed tissue. If possible, 
endodontic surgery should therefore not be performed 
in such instances. There are several anesthetics suitable 
for surgical pain control. Because allergic reactions to 
anesthetic drugs occur mainly to ester-based agents 
(such as procaine) (23), anesthetics based on amide 
groups are preferred. Good and profound anesthesia 
can generally be obtained with articaine, lidocaine and 
bupivacaine. 

Vasoconstrictors 

A vasoconstrictor added to local anesthetics reduces the 
blood flow at the injection site. This serves two important 
purposes: 

• To retain the agent longer in the tissue, thereby 
extending the time for the anesthetic effect. 

• To enhance hemostasis. 

The reduced blood flow will also decrease absorption of 
the anesthetic and minimize systemic toxic effects. 



The most widely used vasoconstrictor is epinephrine. 
This sympathomimetic agent causes vasoconstriction by 
stimulating specific membrane-bound receptors on the 
vascular smooth-muscle cells. The pharmacological action 
of epinephrine depends largely on the type of receptors 
present in the tissue. There are two types of adrenergic 
receptors: alpha vasoconstrictive and beta vasodilating 
receptors. Similar to mucosal and gingival tissues, alpha- 
adrenergic receptors predominate in the apical peri- 
odontium. Thus, upon its penetration to these tissue 
sites, the effect of epinephrine will be contraction of 
blood vessels. In skeletal muscles, on the other hand, 
vessels are controlled by beta-adrenergic vasodilating 
receptors (38). This means that injection of epinephrine 
to muscle tissue will result in increased blood flow and 
cause the opposite of the desired hemostatic effect (3). 
For this reason, the anesthetic should be administered to 
mucosal tissue only and close to the bone in the area in 
focus for the operation. 

Concentrations of vasoconstrictor among anesthetic 
solutions vary between 1:50000 and 1:200000. The 
higher the concentration, the better the hemostatic effect. 
Most widely used is the concentration 1 : 100000-200000. 
Although this concentration is adequate for non-surgical 
needs (29), it will not produce sufficient hemostasis for 
surgical procedures. For this purpose, at least 1 : 80 000 or 
rather 1 : 50 000 is recommended. It has been found that 
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Core concept 21.3 Injection technique 



To reduce pain and cardiovascular effects upon injecting an anesthetic 
solution containing epinephrine: 

(1) Aspirate to prevent intravascular administration. 

(2) Inject at a slow pace. Speed should not exceed 1-2 ml per 
minute. 

(3) Anesthetize first with half the dose of the solution at a concentra- 
tion of 1 :1 00 000 epinephrine. Wait 3-5 min until initial vasocon 
striction and then use 1 : 50 000 epinephrine. 

(4) Use a pulse oximeter to monitor pulse rate. 



J 



the use of 1 : 50 000 epinephrine results in good visualiza- 
tion of the surgical site, reduced surgery time and 
decreased postoperative bleeding and blood loss (3). 
High concentrations of epinephrine may cause an 
undesirable increased heart rate, cardiac contractility 
and peripheral vascular resistance. These systemic effects 
can be reduced by using several measures (see Core 
concept 21.3). 

It should be realized that sufficient hemostasis can be 
achieved only if the anesthetic has reached the tissue. 
Therefore, with inferior alveolar nerve blocks additional 
anesthetic must be administered to the surgical site to 
obtain adequate hemostasis, even though blood flow 
peripheral to such nerve blocks becomes reduced (27). 

Raising the flap 

The success of any surgical procedure depends largely 
upon the extent to which adequate access can be 
obtained. Endodontic surgery first requires exposure of 
the bone overlying the tip of the root(s) and then the root 
end(s) per se (Fig. 21.1). To access the bone, a full-thickness 
flap must be raised. This means a soft-tissue flap, which 
consists of gingival and mucosal tissue as well as perios- 
teum. To mobilize the flap various modes of incision can 
be selected, including horizontal incisions (sulcular and 
submarginal) and vertical releasing incisions. 

It is critical that incisions and flap elevations are car- 
ried out in a manner such that soft-tissue healing by pri- 
mary intention is facilitated. This is secured by: 



• complete and sharp incision of the tissues; 

• avoiding tearing of the tissues during flap elevation; 

• preventing drying of the tissue remnants on the root 
surface during the procedure (see further below). 

Proper treatment of the soft tissues with adequate surgi- 
cal techniques is also a challenge from an esthetic point 
of view. Incorrect manipulation of soft tissues in areas 
with restoration margins placed subgingivally for 
esthetic reasons can, for example, lead to exposure of 
these margins because of recession following the surgery. 
Therefore, the presence, type and quality of restorations, 
especially with regard to the position of the restoration 
margin in relation to the gingiva, must be carefully 
assessed prior to surgery, as they are critical to the 
esthetic outcome of the procedure. 

Flap designs 

Triangular flap: A horizontal incision extending one tooth 
distally and one tooth mesially to the involved area, 
combined with only one vertical releasing incision 
(Fig. 21.2), forms the triangular flap. The main advantage 
of this flap design is easy repositioning and minimal dis- 
ruption of the vascular supply to the flap. It is indicated 
for correction of marginally located processes such 
as perforations, cervical root resorptions or resections of 
very short roots. If it turns out that the access is too 
limited, the triangular flap can be converted easily to a 
rectangular flap by placing an additional releasing 
incision at the distal end of the horizontal incision (see 
below). 

Rectangular flap: The rectangular flap is formed by a hori- 
zontal incision with two vertical releasing incisions 
(Fig. 21.3) and is the most frequently used flap in end- 
odontic surgery. The rectangular flap will give excellent 
surgical access to the apical area in any region. In estheti- 
cally critical areas with prosthetic restorations involving 
submarginally placed crown margins, a postoperative 
sequela can result in recession, leading to exposure of the 
crown margins. Using a proper atraumatic and gentle 
surgical technique with proper wound management 
minimizes such esthetic disadvantages. 





Fig. 21.2 (a) A triangular flap requires a sulcular 
incision, usually with mesial placement of the vertical 
releasing incision, (b) Flap reflected. 
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Fig. 21.3 (a) A rectangular flap involves two releas- 
ing incisions combined with a marginal sulcular inci- 
sion. The releasing incisions are placed at least one 
tooth away from the tooth to be operated on, except in 
the area of the mental foramen, which should not be 
subjected to vertical incisions, (b) Flap reflected. 



Submarginal flap according to Ochsenbein-Luebke: The sub- 
marginal flap is formed by a scalloped horizontal sub- 
marginal incision with two vertical releasing incisions 
(Fig. 21.4). The submarginal flap is only to be used when 
there is a broad attached gingiva and when the expected 
apical lesion or surgical bony access will not involve the 
incision margins. This flap design has the advantage of 
preserving the marginal gingiva and does not expose the 
marginal crestal bone. 

As well as the risk of massive loss of marginal tissue 
due to a possible insufficient blood supply to the 
unreflected gingival tissue (see above), the risk of scar- 
ring is another disadvantage of this flap design. Owing 
to drying out of the tissue the flap tends to shrink during 
surgery, resulting in tension and difficulty in replacing 
and securing it by suturing. 

Papilla-base flap: This flap consists of two releasing verti- 
cal incisions, connected by the papilla base incision and 
intrasulcular incision in the cervical area of the tooth. It 
was designed to prevent recession of the papilla. A 
microsurgical blade of a size not exceeding 2.5 mm in 
width should be used. Controlled and minute movement 
of the surgical blade within the small dimensions of the 



interproximal space is crucial. The papilla base incision 
requires two different incisions at the base of the papilla. 
A first shallow incision severs the epithelium and con- 
nective tissue to the depth of 1.5 mm from the surface of 
the gingiva (Fig. 21.5, blue line). The path is a curved line, 
connecting one side of the papilla to the other. The inci- 
sion begins and ends perpendicular to the gingival mar- 
gin (Fig. 21.6). In the second step, the scalpel retraces the 
base of the previously created incision while inclined 
vertically, towards the crestal bone margin. The second 
incision results in a split-thickness flap in the apical third 
of the base of the papilla (Fig. 21.5). From this point on 
apically, a full-thickness mucoperiosteal flap is elevated 
(Fig. 21.7). Although the papilla base flap achieves pre- 
dictable healing results, this technique requires a skilled 
surgeon. Atraumatic handling of the soft tissues is of 
utmost importance in order to obtain rapid healing 
through primary intention. The epithelium of the par- 
tial-thickness flap has to be supported by underlying 
connective tissue, otherwise it will break down and lead 
to scar formation. On the other hand, excessive thickness 
of the connective tissue layer of the split flap portion 
can jeopardize the survival of the buccal papilla left in 
place (59). 





Fig. 21.4 An Ochsenbein-Luebke flap is raised by placing a scalloped hori- 
zontal incision within the attached gingiva, reflecting the gingival and mucosal 
tissues (37). For vertical incisions, the same rules apply as for the rectangular 
flaps. 
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Fig. 21.5 Schematic drawing of incision type for the papilla base flap. The 
first shallow incision is placed at the lower end of the papilla in a slightly 
curved line, perpendicular to the gingival margin (blue line). A second incision 
is placed, directed to the crestal bone margin from the base of the previously 
created incision (green line). The result is a split-thickness flap on the base of 
the papilla. 



Surgical endodontics 353 



Incisions 

Sulcular incision: The scalpel size has to be small enough 
to allow free movement of the blade within the sulcus 
and to avoid cutting into the gingiva (Figs 21.8 and 21.9). 
The scalpel should be kept in constant contact with the 




Fig. 21.6 Curved incision placed perpendicular to the gingival margin (lines). 
(Reprinted with permission from (60).) 




tooth. Even so, the incision will sever sulcular epithelium 
and fibers of the gingival attachment, leaving epithelium 
and connective tissue at the root surface (Fig. 21.9). These 
tissue remnants are delicate and easily injured, which 
can result in impaired healing (16), and should not be 
allowed to dry out because they facilitate epithelial and 
gingival reattachment. Interproximally the tissue should 
be dissected in the middle of the papilla, to preserve its 
buccal and lingual aspects (Fig. 21.10). 




Fig. 21.8 Sulcular incision using a micro-scalpel blade. Note the blade enter- 
ing the gingival tissue owing to a small root diameter in the cervical area of 
the root. 




Fig. 21.7 Elevated spit-thickness flap showing the papilla base incision with 
the major part of the papilla unaltered. (Reprinted with permission from (60).) 



Fig. 21.9 Marginal incision leaves small amounts of gingival connective 
tissue and epithelium on the tooth surface, which should be kept moist and 
vital for reattachment at the preoperative attachment level. 
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Fig. 21.10 Dissection of the buccal papilla with a micro-scalpel. Note com- 
plete separation from the lingual portion of the papilla and the preservation of 
the tissue in all its dimensions. 



Submarginal incision: The submarginal incision to raise an 
Ochsenbein-Luebke flap is performed within the 
attached gingiva and should be at a level where the inci- 
sion cuts well into the crestal bone (36). The cutting 
action is a continuous firm stroke with the blade, which 
separates the tissue all the way to the bone. For easy and 
precise repositioning of the flap, the incision should not 
be in a straight line, but scalloped and extending slightly 
in the interproximal direction. Thus, the contour of the 
incision should reflect the contour of the marginal 
gingiva (Fig. 21.11c). The submarginal incision should be 
at a level that is 2 mm apical to the base of the sulcus in 
order to avoid the risk of subsequent necrosis and reces- 



sion of the unreflected marginal portion. To size up the 
width of the attached gingiva, the pocket probing depth 
has to be determined (Fig. 21.11a). The width of the 
attached gingiva is then calculated on the basis of the 
distance from the base of the sulcus to the linea girlandi- 
formis (Fig. 21.11b). 

In general, healing after this mode of incision is favor- 
able because there is sufficient blood supply from vessels 
exiting at the crestal bone level and from anastomosing 
vessels deriving from the papilla. 

Where there are deep periodontal pockets, this type 
of incision is contraindicated and a marginal incision 
should be performed instead. The incision also should 
not be used when there is danger of having the incision 
over the bone defect, which increases the risk of postop- 
erative infection. Therefore, the selection of this type of 
incision requires thorough treatment planning. The main 
advantage is that the original level of the epithelial 
attachment can be maintained, which may not always be 
the case following sulcular incision. This is certainly an 
important esthetic consideration especially with full 
crowns, where healing after a sulcular incision can result 
in gingival recession to such an extent that the crown 
margins become visible. 

Vertical incisions: At least one and usually two vertical 
incisions are needed in an endodontic surgical procedure 
to allow sufficient exposure of the root tip area. The inci- 
sion should extend apically enough to prevent tension 
on the flap during retraction. When cutting in the apical 
area the blade often does not reach the bone owing to 
the thickness of the mucosa, therefore a second stroke 
has to be taken to completely separate the tissue through 
the periosteum. 




Fig. 21.11 (a) Measuring the pocket probing depth is necessary for calculation of the width of the attached gingiva in a submarginal incision procedure, (b) The 
probe is held on the buccal surface of the gingiva to visualize the base of the probing depth. The attached gingiva represents the distance from the tip of the probe 
to the linea girlandiformis (arrows), (c) The line represents the location for a submarginal incision. 
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The vertical releasing incision is placed usually one 
tooth laterally to the tooth to be operated on (Fig. 21.3). 
An exception to this rule is the lower premolar region, 
where a vertical cut can interfere with the nerve bundles 
exiting from the mental foramen and cause temporary or 
permanent paresthesia. In such cases the vertical incision 
is placed one tooth mesial to the mental foramen. In any 
case, it is important to determine radiographically the 
position of the foramen prior to surgery if it is going to be 
exposed by the flap. 

The placement of the vertical incision should be such 
that the integrity of the papilla is maintained. Figure 21.12 
illustrates the correct paramedian releasing incision to be 
used. Incisions mid-crown and incisions that split the 
papilla should be avoided because they may lead to 
necrosis of a large portion of the tissue and recessions. 

Flap elevation and retraction 

After the incision, lifting the tissue from the underlying 
bone should raise the flap. In the process, the periosteum 
should not be perforated or torn. To optimize the healing 
conditions, maintenance of an intact periosteum is essen- 
tial because it will protect the surgical cavity from being 
in direct contact with the mucosal tissue, which other- 
wise can enter the cavity and prevent complete bone 
fill. 

Flap elevation should begin from the releasing 
incision in an undermining action (Fig. 21.13). The elevat- 
ing instrument then should be directed toward the 
marginal ridge. If the periosteum cannot be separated 
completely from the crestal bone, the flap will be freed 



by carefully dissecting the unseparated tissue remnants 
with a scalpel. 

Once the flap has been retracted, a small groove should 
be prepared in the bone with a small round bur. This 
groove serves as a rest for the retractor, to prevent crush- 
ing of the flap during the surgery (Fig. 21.14). 

Bone removal 

Once the flap has been retracted and held in place, bone 
usually needs to be removed to uncover the soft-tissue 
lesion and the apical area of the tooth. A sufficient 
amount of bone tissue must be eliminated to gain proper 
access. 

It is important that the osseous tissue is managed with 
caution to prevent postoperative pain and to enhance 
healing. Heat generation is damaging and should be 
monitored by using rotating burs with light shaving 
motions while irrigating with copious amounts of sterile 
saline (13). Supplementary saline irrigation must be used 




Fig. 21.13 Raising a flap from the releasing incision with a distal-coronal- 
directed motion, undermining the periosteum. 




Fig. 21.12 Vertical releasing incision, (a) Incorrect straight vertical incision creates compromised tissue area with insufficient blood supply, which will eventually 
necrose. The dashed line indicates the desired incision course. (Reprinted with permission from (58).) (b) Correct vertical incision preserving the body of the papilla, 
(c) Clinical example of correctly placed incision after suture placement. (Reprinted with permission from (61).) 
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Fig. 21.14 A small groove in the bone at the base of the flap serves as a rest 
for the periosteal elevator, giving the assistant a safe position for it so that it 
will not slip and possibly crush the tissues. 

when cutting deep to uncover, for example, palatal or 
lingual roots. Excessive pressure during drilling should 
be avoided at all times. The bone drill, in addition, should 
be sharp and clean. Diamond burs are inefficient and 
should not be used (2). 

Curettage of the soft-tissue lesion 

Because the soft-tissue lesion most often represents an 
inflammatory response to a root canal infection and/or to 
extruded root filling material, removal of this tissue is 
not essential per se but it needs be taken out for technical 
reasons to allow visibility and accessibility to the root tip 
for the management of the root canal system (Advanced 
concept 21.1). Therefore, curettage to remove the soft-tis- 
sue lesion has to be performed. This task is greatly facili- 
tated by the use of sharp curettes, because fibrous tissue 
in the periphery of the lesion often is difficult to detach. 
In case of a radicular cyst the cyst capsule can be 
released from the adjacent bone by careful dissection 
and removed in its entirety. If the blood supply of the 
adjacent tooth (teeth) or other vital structures, such as 
neurovascular bundles, is endangered, complete removal 
of the soft-tissue lesion should not be attempted. 

Management of bleeding 

Hemostasis during endodontic surgery is essential to 
ensure successful management of the root end. 
Hemorrhage control is not only required for visibility 
and assessment of the root structure but also necessary 
to allow insertion and setting of the retrograde root 
filling material in the absence of moisture. Several means, 
described here, can be undertaken to control bleeding. 
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The importance of 
complete removal of the 
soft-tissue lesion 



Over the years it has been debated extensively whether or not the 
removal of the soft-tissue lesion is a critical step in endodontic sur- 
gery. It has been held that the lesion represents a pathological process 
and therefore should be removed in its entirety. Given the fact that 
the soft-tissue lesion actually is a host tissue response to irritants 
associated with the tooth, most often to a root canal infection, com- 
plete curettage should not be necessary. In fact, in a publication com- 
paring complete and incomplete removal of periradicular tissues 
during surgery, no difference in clinical outcome was found in terms 
of periradicular healing at clinical follow-up (34). It is therefore likely 
that any inflamed tissue left behind will be incorporated into the new 
granulation tissue that will form as part of the healing process. Even 
leaving some epithelial remnants should not jeopardize the healing 
process. It has been proposed that as long as the irritants of the root 
canal system are eliminated, the host's defense mechanisms will 
destroy and eliminate proliferated epithelial cells (52). An exception 
to this view is the case where bacteria are located within the lesion 
itself, e.g. Actinomyces species (see Chapter 7). These micro- 
organisms appear in nests and can be observed macroscopically as 
yellow granules. As a lesion of this nature may be sustained by the 
organisms, it should be curetted carefully. Curettage of the soft- 
tissue lesion diminishes bleeding. Also, from this perspective it is 
essential to remove as much of the soft-tissue process as necessary to 
enhance the management of the root end, including preparation and 
retrofilling. 



Proper local anesthesia: Hemorrhage reduction is achieved 
by local anesthesia using a sufficient concentration of the 
vasoconstrictor (see above). It should be recognized that, 
even though numbness is achieved soon after the injec- 
tion, sufficient vasoconstriction takes several minutes to 
attain. 

Proper operation technique: Proper handling of the soft 
tissue minimizes bleeding. Remember that most vessels 
run parallel to the long axis of the teeth. Therefore the 
releasing incision, for example, should be placed along 
the long axis of the root to limit the number of blood 
vessels that may be severed. Furthermore, gentle and 
atraumatic elevation of the full-thickness flap prevents 
perforation and tearing of the periosteum. This measure 
retains the microvasculature within the body of the flap 
and thus further reduces the risk of bleeding. 

Suctioning: Suctioning controls localized bleeding. Injured 
vessels will normally constrict at the first stage of the 
hemostatic cascade, eventually to be blocked by a fibrin 
clot. Thus, bleeding ceases spontaneously with time. 

Obstruction by mechanical means: Slight hammering of the 
bone with a dull object can mechanically obstruct local- 
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ized hemorrhage from a vessel in the bone. By this mea- 
sure, the bony space for the vessel is occluded. The 
procedure is most effective on bleeds from the cortical 
bone, whereas in loose cancellous bone the effect is less 
predictable. 

Loading the bottom of the bone cavity with a material 
that mechanically obstructs the openings of the cancel- 
lous bone is useful. Two options are available: bone wax 
and calcium sulfate. Bone wax has been used for this pur- 
pose for many years (50). It has no effect on the clotting 
and essentially has only a blocking effect. Note that bone 
wax causes a foreign body reaction if left in the cavity 
after surgery (25), therefore it has to be curetted out com- 
pletely. A thick mixture of calcium sulfate in sterile water 
(45) should be inserted by pressing the material against 
the cavity walls with a wet cotton pellet. The material 
sets within minutes. Calcium sulfate is used extensively 
in general surgery because it is biocompatible (22), resorbs 
completely and is reported to be osteoinductive (8). 

Electrocoagulation: Electrocoagulation for hemorrhage 
control should use bipolar units. The monopolar units 
frequently used in dental practice for exposing prepara- 
tion margins before impression are too traumatic owing 
to the massive heat these units generate. Bipolar units 
where the electric current flows only between the two 
electrodes (usually the branches of the pliers) are much 
less damaging to the collateral tissues. When monopolar 
was compared with bipolar electrosurgery, significantly 
more damage and elevation in lateral tissue temperature 
was observed (31). For a bipolar coagulation the vessel 
needs to be grabbed to be effective. Frequently the cut 
vessels contract and cannot be reached. In such instances, 
other hemostatic measures should be applied. 

Chemicals: Small pieces of gauze fitting the bone cavity 
and saturated with vasoconstrictive agent, e.g. epineph- 
rine, effectively control hemorrhage. The systemic effects 
are usually insignificant owing to the immediate vaso- 
constriction that is promoted (28). However, the amount 
of epinephrine given in conjunction with the local anes- 
thetic should be assessed and if the maximum dose is 
reached then other means of hemorrhage control should 
be used. 

Ferric sulfate at a concentration of 20%, also known as 
Monsel's solution, reacts with blood proteins to form a 
plug that occludes the capillary orifices. The pH is low 
and the chemical is clearly toxic, which will therefore 
severely delay healing and in some cases cause abscess 
formation if left after surgery (33). The dark stain often 
formed represents agglutinated blood on the bone sur- 
face and has to be curetted thoroughly and removed by 
saline rinses. The bone surface may be freshened with a 
round drill to remove any remaining coagulated material. 
Jeansonne et al. (26) reported that healing is normal with 



only a mild foreign body reaction provided that the 
surgical wound is thoroughly cleansed prior to wound 
closure. 

Aluminum chlorite was suggested to be effective in an 
animal experiment (62) and in clinical use. Although the 
bleeding control appeared effective, histological analysis 
demonstrated inflammatory and foreign body reaction 
after 3 and 12 weeks. 

Resorbable agents: Collagen-based hemostatic materials 
applied directly to the bleeding area under pressure 
result in hemostasis within a few minutes (15). If left in 
the osseous defects there is minimal interference with 
the wound healing process and the foreign body reac- 
tion is minimal (9). 

Surgicel is a substance for hemorrhage control pre- 
pared by the oxidation of oxycellulose. Initially it serves 
as a barrier and then transforms to a sticky mass that will 
act as an artificial coagulum. The material should be 
removed from the surgical site after completion of the 
operation because it can cause foreign body reaction and 
impair osseous regeneration (25). 

Gelfoam consists of gelatin-based sponges, which pro- 
mote the disintegration of platelets and cause subsequent 
release of thromboplastin. This in turn stimulates the 
formation of thrombin in the sponge spaces (29). If 
gelfoam is left in situ, it will slow down healing initially 
(2) but after a few months there are no negative effects 
(44). 

Root-end resection 

Following completion of the surgical access to the root 
end area, the tip of the root(s) normally has to be cut off 
at around 2-3 mm (14). This procedure is known under 
different terms, of which apicectomy or apicoectomy are 
the most common. The rationales for this measure are: 

• To provide convenient access to the root canal(s) for 
the apical instrumentation (see below). 

• To remove any bacterial organisms lodged in acces- 
sory and main canals of an apex delta and/or on the 
surface of the root tip. 

The angle of the cut surface should be as square as possi- 
ble to the long axis of the root to reduce the number of 
exposed dentinal tubules (Fig. 20.15), as dentinal tubules 
may serve as pathways for bacterial elements released 
from the infected root canal. This is especially important 
in cases when the root-end filling becomes short (12). 
Occasionally a slight bevel preparation is needed to allow 
proper access and visual observation of the resected tip 
(Advanced concept 21.2). Buccally inclined roots do not 
need a bevel, whereas roots inclined in the opposite 
direction and roots under a thick bone plate need bevel- 
ing. When there is a post in the tooth, the resection 



358 The Root Filled Tooth 




Fig. 21.15 Principle for root-end resection. Excessive bevel allows penetra- 
tion of bacterial elements through dentinal tubules to the resection surface (*). 
Ideal angulation is perpendicular to the long axis of the root (bottom). 



should not be performed to the base of it, because of the 
risk of breaking the seal of the luting cement. 

Following resection, the cut surface should be inspect- 
ed for the presence of apical ramifications, isthmus for- 
mation and possible fracture lines. The inspection needs 
to be carried out with the use of magnification and if 
necessary with micro-mirrors (Fig. 21.16). 

Root-end preparation 

The root canal of the resected root tip needs to be cleaned 
and shaped to accommodate a retrograde root filling 
according to the same rationales as for conventional root 
canal therapy (Clinical procedure 21.1). Thus, the primary 
objective of this measure is to exclude the root canal as a 
source of microorganisms. The cleaning procedure can 



Advanced concept 21 .2 Beveling of the root end 



Gilheany et al. (1 2) demonstrated that there is no other basis for bev- 
eling the root end in endodontic surgery than to achieve convenient 
access to the root canal system. In fact, an acute bevel in combination 
with an inadequate root-end preparation and filling carries the risk 
for penetration of bacterial elements along the dentinal tubules or 
the root-end filling, or both, to the resected root surface. Using the 
hydraulic conductance method in vitro, these investigators evaluated 
the degree of apical leakage as a function of various depths of retro- 
grade fillings and different cutting angles (0°, 30° and 45° to the long 
axis of the root). Findings were a significant increase of leakage with 
increased angulation and significantly decreased leakage with 
increasing depth of the retrograde filling, suggesting that both the 
permeability of the resected apical dentin and the length of the retro- 
grade filling are significant factors in whether or not the procedure 
will succeed. 




Fig. 21.16 Micro-mirror view following root-end resection and preparation. 



be carried out with properly angled ultrasonic root-end 
tips (Fig. 21.17) and with hand-held root canal files or 
both. Preparation with a small round bur in a micro- 
handpiece was used for years. Often cavities that are too 
large and root canals that are insufficiently cleaned result- 
ed from this technique. Also, the cavity frequently became 
extended to the palatal side of the root and in certain cases 
even perforations occurred. In small and fine roots, and 
frequently in fused roots where an isthmus has formed 
between them (Fig. 21.18), this technique is quite unsuit- 
able because the diameter of the smallest bur size may 
exceed the width of the root (Advanced concept 21.3). 

In recent years the use of ultrasonic devices has led to 
a significant improvement in apical instrumentation in 
endodontic surgery. Indeed retro-tips used with the 
surgical microscope have offset many of the drawbacks 
from the preparation with rotary instruments and made 
it possible to perform surgical treatment of virtually any 
tooth. 



Clinical procedure 21.1 



Retrograde hand file 
preparation 



A procedure where the complete root canal is debrided, shaped and 
filled from the apical end was originally proposed by Nygaard-Ostby 
(43) and later clinically tried and evaluated by Reit and Hirsch (47). 
Following a small resection of the root tip, the canal is cleaned and 
enlarged with Hedstrom files held in a hemostat. The canal is irrigated 
with 0.5% sodium hypochlorite and sealed with cold laterally con- 
densed or injectable gutta-percha. 
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Fig. 21.17 Diamond-coated ultrasonic tip. 



Advanced concept 21 .3 Isthmuses 



The anatomic complexity of the root canal system has been known 
for years (19), but it was not until recently that the importance of 
isthmuses in the endodontic surgery of certain teeth was recognized 
(7). Hsu and Kim (24) studied the resected surfaces of different teeth 
in the human dentition and observed that, in general, the chance of 
isthmus formation is higher when more of the root is resected. With 
the aid of proper magnification, anatomical structures, isthmuses and 
ramifications can be detected and effectively treated by the use of 
ultrasonic instrumentation (see Fig. 21.18). 



The ultrasonic energy puts the tip into vibration, 
which will remove both hard- and soft-tissue elements in 
the root canal, including root filling material. A light 
touch has to be applied, because the vibration wave is 
only effective when the tip is not pressed to the surface 
during its operation. The methodology offers the follow- 
ing advantages: 

• An ultrasonic tip is smaller and more delicate than a 
round bur in a micro-handpiece. 

• About 3-4 mm of vertical space in the root can be 
instrumented. 

• Preparation can be performed at the long axis of the 
tooth and thus can follow the true path of the root 
canal and thereby avoid perforation. 

Ultrasonic preparation will result in cleaner, more paral- 
lel and deeper preparations than those with conventional 
preparation with a round bur (63). The drawback of 
ultrasonics is the reported risk of microcracks and frac- 
tures (32). The use of ultrasonically energized file tips has 
reduced the fracture risk. Powering files requires much 
lower energy than for the stiffer root-end tips. Files fur- 
thermore are resilient when tilted during the prepara- 
tion, which minimizes the wedging forces. An additional 
advantage of the use of prebent files, commonly used for 
orthograde instrumentation, is the improved cleaning/ 
shaping and extended preparation further up the canal 
(58). 

Retrofill 

The goal of the retrograde filling is to seal the prepared 
cavity to prevent leakage of tissue fluid to the remainder 




Fig. 21.18 (a) The tip of a resected upper premolar displays gutta-percha in the buccal and palatal canals. The fused roots in the connecting area have a fine 
line (arrowheads) - an isthmus - barely visible in 25x magnification. Failure to diagnose and treat this anatomical structure led to persistence of symptoms after 
the first surgical treatment, (b) The cleaned retrograde preparation with the isthmus area to be filled. 
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of the root canal space and the exchange of bacterial ele- 
ments that may result from such leakage. The signifi- 
cance of the retrograde root filling for a successful 
outcome has been demonstrated in numerous clinical 
follow-up studies (11). Therefore an important feature of 
a retrograde root filling is to hermetically seal the apical 
portion of the root canal space. Furthermore, because the 
surface of the filling can be quite large, e.g. following 
cleaning of isthmuses, the material should resist disinte- 
gration in tissue fluids over time. As with all other root- 
filling materials important requirements are biological 
compatibility and that the material interferes minimally 
with the wound healing process. 

Ideally a retrograde root filling should allow new 
formation of cementum on its surface into which peri- 
odontal ligament fibers can insert. Such a tissue response 
should ensure minimal dissolution of the material over 
time and thus ensure good long-term prognosis. 

Various retrograde filling materials have been employed 
over the years. Over many years amalgam enjoyed great 
acceptance (11) but has lost popularity because: 

• Sealing ability is questionable (25). 

• Handling is difficult during the surgical procedure 
and amalgam remnants may be left behind in the 
surgical cavity. 

• It corrodes, which, by release of metal ions into the 
surrounding tissues (39), may lead to discoloration 
and tattoos of the gingiva or mucosa in visible areas, 
causing non-esthetic disfigurations. 

• It contains mercury, which is why amalgam is banned 
for clinical use in several countries. 

The most salient problem with amalgam as a retrograde 
filling material is the poor clinical outcome obtained in 
several clinical follow-up studies with this material 
(7, 10). 

Alternatives to amalgam are glass ionomer cements, 
resin composites in combination with dentin bonding 
(5, 48) and mineral trioxide aggregate (MTA) (53). Glass 
ionomers and composites seal the cavity quite well but 
are technique and moisture sensitive (46). 

Excellent clinical results have been obtained with zinc 
oxide-eugenol (ZnOE)-based cements (7). The handling 
of these retrograde filling materials is good but their 
biological compatibility is questionable. Persistent release 
of eugenol by hydrolysis maintains toxic reactions and 
will prevent the development of a biological seal at the 
root end. The toxicity of eugenol depends on the amount 
of free eugenol in the cement (17). It can be reduced if the 
cement is mixed to a very dry consistency, leaving little 
free eugenol in the mix, which also improves its handling. 
The ZnOE-based cements set rapidly when exposed to 
moisture after condensation. The beveled root surface 
can be polished in a few minutes, and any excess filling 
material can be removed from the root-end surface. 




Fig. 21.19 (a) Retrograde filling with resin composite of an upper incisor 
that had extensive apical root resorption. Healing was uneventful except that 
the crown later fractured off from the root, (b) Complete bone fill at about 
1 9 months of follow-up. (Courtesy of Dr G. Bergenholtz.) 



MTA has gained popularity in recent years as a retro- 
grade filling material (53-56). The hydrophilic powder is 
mixed with water to a creamy consistency, which sets to 
a hard mass. It seals well, it is reasonably biocompatible 
(56) and, owing to its hydrophilic properties, is probably 
the best material to use when moisture control is precari- 
ous (54). Because of its consistency, the material is diffi- 
cult to handle. 

Several authors (12, 51) have pointed out the potential 
pathway for leakage of bacterial elements at the resected 
root end along the dentinal tubules. Sealing the entire 
beveled surface with dentin bonding was therefore pro- 
posed and introduced by Rud et ah (48). The method 
includes preparing a slight concavity at the root end and 
applying a bonding agent, which is followed by the 
application of a chemically cured composite (Fig. 21.19). 
If properly managed, the healing potential is reported to 
be excellent (49). 

Flap closure and suturing 

Repositioning of the soft tissue to its original position, 
with the wound edges closely approximated by careful 
suturing, is normally sufficient for rapid healing. Although 
various techniques for suturing can be used, in endodon- 
tic surgery usually single sutures are applied to hold the 
flap in place during the initial healing phase. The sutures 
are placed in each proximal space and at the vertical 
releasing incisions. 

Atraumatic needles should be used. Select sutures in 
sizes 6/0 and smaller. Although fine, the needle should 
still be rigid and have a 3/8 circle with sharp pointed 



Surgical endodontics 361 



triangular cross-section. The needle length can be a 
problem in papilla closure, because small suture sizes 
have rather short needles. The needle length for a com- 
fortable interproximal suture should be at least 12 mm. 

The suture material should be non-resorbable because 
the irritation is considerably less than with a resorbable 
suture material. They should have a smooth coating or 
be monofilamentous in sizes 7/0 and smaller. If wound 
healing is uneventful, sutures can usually be removed 
within 3 days, at which time an epithelial lining has 
developed (Fig. 21.20). 

Various phases in the wound healing process after an 
endodontic surgical procedure include: 

• clotting and inflammation; 

• epithelial healing; 

• connective tissue healing; 

• maturation and remodeling of the soft and hard 
tissues. 

These stages are not distinctly separated from each other. 
They overlap considerably and take place almost simul- 
taneously. Because the original incision disrupted blood 
vessels, hemostasis has to take place first. Humoral and 
cellular mediators released cause clot formation that will 
connect the wound edges and form a pathway for the 
migration of inflammatory and repairing cells. If hemo- 
stasis is not complete, blood continues to flow into the 
wound site and a hematoma may develop. This will 
delay healing considerably and the coagulum must first 
be resorbed before connective tissue healing can proceed 
(20). Applying pressure with soft gauze to the flap for 
about 5 min after repositioning and suturing can reduce 



clot and hematoma formation and thereby enhance the 
healing process. 

Under optimal conditions the maturation and remod- 
eling phase of both soft and hard tissue may begin within 
5-7 days after surgery. The first step is the formation of 
an epithelial barrier to protect the underlying connective 
tissue from irritants of the oral cavity. Sutures can be 
removed as soon as the epithelial lining has formed, 
which is usually within 3 days. 



Pain control after surgery 

The use of an atraumatic operation technique is critical to 
lessen postsurgical discomfort in terms of pain and 
swelling. It also enhances the healing process. Additional 
measures to be taken are: 

• Application of a cold compress to the surgical site 
for ca. 10 min every half hour on the day of surgery to 
reduce swelling. 

• Prescription of an analgesic with swelling-reducing 
properties with a dose given prior to the cessation of 
the anesthetic effect. 

Different drugs have varying degrees of analgesic and 
anti-inflammatory potential. Pain perception is elevated 
in the presence of prostaglandins and an analgesic that 
slows down the synthesis of prostaglandins will reduce 
the excitability of the pain receptors to normal levels at 
the same time as providing pain relief. Inhibition of pros- 
taglandin synthesis will also produce an antiphlogistic 
effect. 




Fig. 21 .20 Interproximal space in the lower incisal area treated with a papilla base incision, (a) Preoperative situation, (b) Wound closure using two interrupted 
sutures (polypropylene 7/0). (c) Healing view prior to suture removal after 3 days, (d) Healing view after 1 month; the incision line is slightly visible, (e) Healing 
view after 3 months displaying a virtually undetectable incision line. (Reprinted with permission from (62).) 
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Bone healing 

Like orthograde endodontics, surgical endodontics aims 
to attain healthy periapical conditions. The extent to 
which the surgical defect becomes filled with bone is 
therefore an important outcome measure. It should be 
understood that complete bone healing only takes place 
if the etiology for the inflammatory lesion that led to the 
surgical procedure is eliminated, most often a root canal 
infection. If not, an inflammatory process will persist that 
may present itself as a persistent radiolucent bone lesion 
or recurring swelling or fistulous tract, or both. A suc- 
cessful case is characterized by regeneration of the miss- 
ing structures (bone and cementum) and reorganization 
of the periodontal ligament at the periapex. Complete fill 
with bone in the surgical cavity may take 6-12 months 
to show in conventional radiographs (Fig. 21.21). Post- 
surgical follow-ups should therefore be scheduled 
accordingly (Core concept 21.4). 

During the healing phase mucogingival connective 
tissue may enter the surgical cavity and result in incom- 
plete bone healing, a so-called periapical scar (40) 
(Fig. 21.22). This is especially common in cases where the 
original lesion defect extended from the buccal to the 
oral side. Resorbable protective membranes may be 
placed to prevent this kind of rest defect, which is not to 
be considered a treatment failure per se. 



Prognosis 

Clinical follow-up studies on the outcome of endodontic 
surgery are abundant. Reported success rates vary 
between 30% and 90%. Varying inclusion criteria, length 
of follow-up periods, criteria for evaluation and observer 
variation render generalized conclusions difficult. It is to 
be expected that with the use of the surgical microscope 
and other modern technological aids, success rates will 
be at the higher end. 

There seems to be no systematic outcome difference 
between a surgical and a non-s urgical approach to 



Core concept 21 .4 Scheduling of postsurgical 
follow-ups 



3-5 days: to check soft-tissue healing and remove sutures. 

6 months-1 year: to check extent of bone fill or clinical signs of 

persisting infection. 




Fig. 21.22 Demonstration of a typical image suggesting scar tissue repair 
after endodontic surgery. Note the bone fill and periodontal ligament space at 
the tip of the resected lateral incisor. (Courtesy of Dr Johan Warfvinge.) 



retreatment (1, 18, 30, for review see Ref. 6). As a rough 
guide three cases out of four might be expected to heal, 
but case selection and operator skill are among the fac- 
tors that are likely to have a profound impact. 

Several authors have emphasized that the presence 
of an initial good quality root filling is essential (21, 37, 
41). Yet, the quality of the retroseal seems to be a most 
important factor. The choice of root-end filling material 




Fig. 21.21 Successful outcome of an endodontic surgery procedure of a lower second molar: (a) preoperative radiograph; (b) radiograph immediately postopera- 
tively; (c) 1-year follow-up radiograph with complete bone fill in the previous surgical defect. 
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is nevertheless subject to debate and scientific investiga- 
tions have not singled out one specific material as being 
superior. 

The outcome of endodontic surgery is time dependent. 
Not only does it take time for bone to completely fill the 
surgical cavity but lesions may recur after some time: a 



so-called "late failure". Frank et ah (10) found that among 
104 investigated healed cases 44 were classified 10 years 
later as failures. Similar relapses of periapical inflamma- 
tory lesions have been reported by others (e.g. Ref. 30). 
These findings indicate that cases treated by endodontic 
surgery should be subject to a long-term recall program. 



Case study 

Surgery as a primary choice of endodontic treatment 

Often endodontic treatment has to be conducted through 
crowns. When canals are hard to find, substantial 
amounts of gold and dentin will have to be removed, 
jeopardizing the retention of the prosthodontic construc- 
tion. In some situations the risks for such complications 
may be judged to be too high and a primary surgical 
approach to endodontic treatment may therefore be 
carried out. 

In this case an acute apical periodontitis was diagnosed 
in the right upper canine. The patient had received a full 



mouth bridge, fixed on four abutments in the upper jaw 
several years ago. Before the bridge was placed, the 
canine pulp vitality was confirmed. Subsequent to the 
prosthetic treatment the pulp became necrotic and apical 
periodontitis developed (a). If a conventional endodontic 
treatment had been attempted, there would have been a 
high risk for the crown to lose its retention, upon or after 
accessing the pulp space for endodontic treatment. 
Instead, a flap was raised and the root canal cleaned with 
ultrasonically energized files in a retrograde direction. 
The canal was sealed with gutta-percha and an apical 
MTA plug (b). One-year follow-up showed complete 
apical bone healing (c). 
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Thomas von Arx 



Healing outcome after apical surgery can normally be 
determined clinically and radio graphically at a recall 
1 year after the procedure. A failure is defined when 
clinical signs (fistula, apicomarginal defect, swelling) or 
any other symptoms, such as pain, tooth tenderness to 
palpation and percussion, are present regardless of 
radiographic evidence of bone healing. Failure is also 
recognized when follow-up radiographs show no or 
only a minimal decrease of the former bone defect, or if 
there is recurrence of periapical lesion. 



The likely cause of failure of surgical retreatment is an 
unsuccessful seal by the root-end filling of any potential 
pathway of communication between the root canal 
system and the surrounding tissues. Possible leakage 
routes for persistent infection include isthmuses, acces- 
sory or lateral canals, perforations, dentinal cracks and 
gap formation between the root canal filling and the 
canal wall. Other causes of surgical failure are an apico- 
marginal communication that persisted or developed 
following apical surgery, and a (micro)crack progressing 
into a root fracture. 



Case study 1 

A 43-year-old male patient was referred for apical sur- 
gery of the second premolar and the first molar in the left 
maxilla. The radiograph demonstrated apical lesions 
associated with the second premolar and the mesio- 
buccal root of the first molar (Fig. la). The patient refused 
conventional retreatment of both teeth. Following flap 
elevation, the mesiobuccal root of the first molar was 
resected because of complete loss of the facial bone wall. 
Apical surgery was performed on the second premolar 
with root-end resection about 3 mm from the apex. A 
rigid endoscope was used for intraoperative diagnostics 
showing an improperly filled buccal canal, an adequately 
obturated palatal canal and a curved hair-line isthmus 
connecting the two canals (Fig. lb). Root-end cavity 
preparation was performed with sonic-driven microtips, 
and the outline of the cavity is depicted in Fig. lc. Note 
the isthmus at the bottom of the cavity. For root-end 
filling, SuperEBA cement was placed, condensed and 
finished (Fig. Id). A postoperative radiograph was taken 
4 days after the surgery (Fig. le). At the 1-year recall, the 
patient was free of pain. Both teeth felt comfortable and 
were clinically inconspicuous. However, the radiograph 
presented with a persistent apical lesion at the second 
premolar (Fig. If). Subsequent re-examinations 2 and 



3 years after surgery demonstrated no clinical changes, 
but the lesion at the second premolar persisted in size 
and shape. 

Five years following surgery, the patient presented 
with pain located at the second premolar, and the tooth 
also had increased mobility. Besides the apical lesion, the 
radiograph showed an enlargement of the periodontal 
ligament space at both mesial and distal aspects of the 
root (Fig. lg). The patient agreed to have the tooth 
extracted. Staining of the extracted tooth with methylene 
blue revealed no root fracture. However, the SuperEBA 
was washed out over the palatal canal (gutta-percha 
visible) (Fig. lh). Inspection using the endoscope at 60 x 
magnification showed gap formation between the gutta- 
percha and the palatal wall of the root canal (Fig. li, 
arrows). A histological section of the root end demon- 
strated that the root-end filling did not encompass the 
palatal canal (Fig. lj). Comparison with Fig. lc and d 
confirmed that the root-end cavity preparation was not 
significantly extended into the palatal canal during the 
surgical procedure. As a consequence, the root-end fill- 
ing became too shallow in that area and was subsequently 
washed out, probably allowing continued leakage of 
bacterial elements along the palatal wall of the root 
canal. 
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368 The Root Filled Tooth 



Case study 2 

A 48-year-old female patient, presenting with recurrent 
pain and swelling in the right mandible, reported that 
apical surgery had been performed of the first molar 
about 10 years ago. The periapical radiograph of this 
tooth demonstrated root-end fillings in both roots with a 
diffuse, apical lesion at the mesial root extending into the 
interradicular area (Fig. 2a). The patient was offered re- 
surgery of the mesial root. The mesial root was surgically 
exposed and resected by 2 mm. Intraoperative inspection 
showed a buccal and a lingual canal, but no isthmus. 
Two root-end cavities were prepared in the mesial root 
using sonic microtips. Root-end filling was accomplished 
with mineral trioxide aggregate (MTA) (Fig. 2b). A post- 
operative infection was treated with drainage and antibi- 
otics, and the patient was fully recovered within 10 days. 
At the 1-year follow-up, the patient had no pain but pre- 
sented with a sinus tract on the buccal aspect of the right 
mandibular first molar (Fig. 2c). The 1-year radiograph 
showed a persistent lesion on the distal aspect of the 
mesial root, but with bone healing around the mesial 
aspect of the cut root face (Fig. 2d). The periodontal liga- 



ment space on the mesial aspect of the mesial root also 
appeared slightly enlarged. Treatment options were dis- 
cussed with the patient including tooth extraction, hemi- 
section or another attempt at apical surgery (second 
resurgery). The patient opted for the latter. Again, the 
mesial root was surgically located, and endoscopic 
inspection of the root revealed a lateral canal on the dis- 
tal aspect of the mesial root (Fig. 2e). This lateral canal 
was subsequently instrumented using sonically driven, 
diamond-coated microtips, and a preparation was made 
perpendicular to the long axis of the tooth (Fig. 2f). The 
postoperative radiograph clearly shows the 'new and 
transverse" root-end filling in the mesial root (Fig. 2g). 
This time, the initial healing course was uneventful, and 
the 1-year follow-up revealed healing of the former sinus 
tract (Fig. 2h) and also complete radiographic bone heal- 
ing at the mesial root (Fig. 2i). 

In summary, the failure of the first two surgeries must 
be attributed to the missed lateral canal in the mesial 
root, and only after instrumentation and obturation of 
this lateral canal was healing attainable after the third 
surgical procedure (i.e. second resurgery). 
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internal root resorption 83-4 

case study 244 
interpretation, test results, pulp vitality 241 
interradicular periodontitis 84 
intracanal dressing, RCT 148-50 
intracanal microbiota effects, RCT 153 
irrigation 

antibiotics 148 

chlorhexidine 148 

complications 148 

EDTA 147-8 

photodynamic therapy 148 

RCT 147-8 

sodium hypochlorite 147 
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radiographic evaluation 293 

ROC analysis 236-7 
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